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p. 29: Table 2-5, PURPA Rates in New England
The rate for Rhode Island should be 70-85 mills/kwh.

p. 86: Fig. 6-4, Hydrograph Showing Instream Flow Needs for Indigenous Fish
The wording within the graph should read Median August Flow,
not Medium August Flow.

p. 122:Appendix C, Recreational and Scenic River Data
The following river segment should be added to the Massachusetts
listing:

Deerfield Scenic: Charlemont to Scenic: X
Connecticut R. Historic: X

White Water: Below Bear WW Canoeing: X
Swamp Dam to Class II: X
Charlemont When Runnable: April

Flow Needed: 1000-1500cfs
Usage: High
Narrative: High level of rec-
reational interest. Strong local
concern and protection interest.
Hoosac Tunnel-historic. Several
dams already exist on this
stretch.

p. 129:Appendix C, Recreational and Scenic River Data
Pawtucket River should read Pawcatuck River.

p. 134:Appendix E: FERC Lice-sing Process, LICENSES, in oaragraphs 2
and 3, 5 Mw should read 1.5 Mw.

EXEMPTIONS, delete "and operate in a run-of-river mode" from
the second sentence of the second naragraph of this section.
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NERBC New England 141 Milk Street, Third
Bosto. Massachusetts 02109

River Basins Commission 1 61, 7223.6244

July 20, 1981

MEMORANDUM

To: The Citizens of New England

From: CDR. Stephen L. Richmond, Alternate Chairmana

Subject: Water, Watts, and Wilds:
Hydropower and Competing Uses in New England

I am pleased to present NERBC's final report on
hydropower expansion in New England. This report is a
compendium of findings covering the feasibility of
developing hydropower at over 11,000 existing and new
dam sites in New England. The report describes the
potential for hydropower development and the types of
problems that may result from competition between hydro
development and other uses of New England's rivers.
Alternatives to mitigate conflicts between hydropower
and competing uses are also addressed.

A product of over three years of work, the report
was prepared with the help of hundreds of public parti-
cipants, all six New England states and several federal
agencies serving the region. NERBC's hydropower staff
merit special mention for the quality of their work and
their tireless efforts to complete this challenging
project.

Because of budget trimming actions by the Peagan
Administration, NERBC will no longer exist as a Title
II (P.L.89-80) commission after September 30 of this
year. Formal review and adoption procedures customarily
followed for major NERBC studies have been waived in
order to issue this report prior to the close of business.
For this reason, the report is being issued as a technical
document without formal recommendations for changes in
policy or action by federal and state agencies.

The circumstances of its release should in no way
diminish the value of this report. The information and
thoughtful analyses contained herein should assist
developers, regulators, and the public alike, in the
difficult process of developing New England's hydropower
capacity.
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Executive Summary

- This report concludes a three year Hydropower Expansion Study con-
ducted by the New England River Basins Commission. Basic obiectives
of the study were:

9 to assess the feasibility of developing hydropower facilities at existing
dams and undeveloped sites throughout the New England region;

* to clarify competing use issues which arise from the competition
between hydropower development and other uses of water resources,
and to assess the likelihood that conflicts would arise from such
competition; and

@ to provide information and data which will facilitate either the avoid- -

ance or resolution of competing use conflicts.

,key findings from the study are summarized,W-ow.

The Development NERBC has identified 320 existing or breached dam sites in New En-
of Hydropower and gland which could be retrofitted to generate hydroelectricity at an esti-
Its Effects on the mated cost of 125 mills ($. 1251 per kilowatt hour or less. These sites are

Energy Security the most economically attractive sites screened from an inventory of

and Economy of over 10,000 dams throughout the six state region. They were analyzed

New England using a generalized computer model, which assumed site development
would be privately financed at an interest rate of fifteen percent. Selec-
tion of the 125 mills/kwh threshold was done somewhat arbitrarily to
identify a discrete set of the most feasible sites in the region. For com-
parison, public utility commissions in the six New England states esti-
mate the current avoided cost value of energy generated by small scale
hydro to be between 60 and 90 mills per kilowatt hour. The total generat-
ing capacity which could be developed at these 320 sites ranges from 300
to 600 megawatts.

NERBC also identified 44 sites at which no dams currently exist where
power could be generated for an estimated cost of 115 mills per kilowatt
hour or less. This estimate of generating cost does not include the cost of
transmission lines, and again assumes that private financing for develop-
ment would be available at an interest rate of 15%. The total generating
capacity which could be developed at these 44 sites ranges from 270 to
475 megawatts.

Approximately 60% of the electricity produced in New England in 1980
was generated at oil-fired plants; the generation of this power required
about 78,000,000 barrels of oil. Hydropower currently contributes be-
tween 4% and 6% of the electricity generated annually in the region.
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It all ot the 32(0 existing and breached dams that ranked most tavorably in
the NERBC analysis were retrofitted with power plants, they could
generate about 2,000,000 mcgawatt l'aurs, providing an additional oil
savings ot 3,5 million barrels or about 4..)",, of current consumption.
Devclopment of hydroelectric facilities at the 44 sites moost promising
for new dams could provide an additional 1,7()0,00) megawatt hours
annually, tor a further savings ot 3 o.f', (t current consumption. Since it i,
unlikely that all of these ,64 sites will be developed, the total oil savings
which will actually result from the development of hydropower is likely
to be 3' to 5"0 of current consumption. Although this may seem to be a
somewhat limited contribution to the energy security of New England,

the development of hydropower, particularly in conjunction with con-
servation measures and the development of other alternative energy
sources, will help to improve the energy situation in the region.

Electric rates are based on the costs of providing electrical service from
all generating plants nuclear, oil, coal, etc.1 in a system. Since hydro will
make a limited contribution to the overall generating capacity of the
region, the development of hydro will not significantly reduce electric
rates for consumers. Furthermore, as a result of the Public Utility Reg-
ulatory Policies Act tPURPAI enacted in 1978, the price utilities pay for
hydroelectricity generated by private developers will essentially be
based on what the utility would have to pay to produce the same amount
of power using alternative means, primarily oil-fired generation in New
England. As the price of oil continues to rise, the cost of hydroelectricity
also will rise. Thus, while this pricing mechanism is likely to stimulate
substantial investment in hydropower for the purpose of improving our
energy security, there is likely to be little benefit to consumers in the
form of rate relief in the near future.

Development of hydropower at the approximately 350 existing and new
dam sites could produce 6,000 to 11,000 short-term jobs in the region,
based on a peak project employment average of about ten workers for
each megawatt of capacity developed. Total wages for construction are
estimated to be between S 106 to $200 million. Additional income will he
generated in surrounding communities by the spending of workers at
hydro sites.

Potential tax revenues for local governments in New England are esti-
mated to be approximately $19 million to S27 million annually, based on
a regionwide average effective tax rate of roughly 2%. Hydropower facili-
ties thus may provide some benefits in the form of increased tax rev-
enues to local governments throughout the region.

The combined effects of investment tax credits, a guaranteed market for
small scale hydropower, and a sale price per kilowatt hour linked to the
cost of oil have stimulated substantial interest in hydro development in
New England. As of May 1981, the Federal Energy Regulatory Commis-
sion JFERCO had received more than 250 applications for exemptions,
preliminary permits, or licenses. About 70% of the applicaions arc from

" -- -- -al
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private developers. 80",, ot the pruiects involve the retrotitting ot ex-
isting or breached dams, 73',, would have a head less than ,() tot, and
80o , would have an installed capacity less than tive megawatt. The
aggregate capacity potentially available from these sites exce-ds 9;()
megawatts, although further analysis may determine that dcclopment
of some of this capacity may not be feasible.

Conflicts between The operation of retrofitted, existing dams in a run-ot-rivcr modc will
Hydropower and pose few conflicts with other uses of New England's rivers and "trcans.
Other Uses of providing the facilities do not involve significant diverions (i stream

Water Resources flow. Rehabilitation of breached dams or construction ot new dam" will
result in the creation of new imnpoundments, and may cause cmllict,
with competing uses. Store-and-release operations will conflict with
competing uses that depend on pre-exiting patterns ot lake level Iluc-
tuation or downstream flow.

As noted above, most of the proposed projects in the region inv(lvc
retrofitting of existing dams. However, ot the 162 prolccts, tor which data
is available, only 23"o would involve installation ot a power plant it the
dam, while 26% would involve divcrsions ot stream tlow ot I to -00 teet
1)"' would involve diversions ot 300 to 1,000 teet, and 29",, would
involve diversions of greater than 1,000 feet. Thus, depending mn the
extent to which the streams immediately below these dam, a': impor-
tant for other flow-related uses, there is substantial likelihood that
retrofitting of existing danis will cause conflicts with competing uses.

Competing uses in New England with which hvdropowcr facilities arc
most likely to conflict include anadromous fisheries, and inland, cold
water fisheries. 26"o of the cxisting dams, 34(% ob the breached dams, and
41% ot the new dam sites identified by NERBC as most feasible tot
development are located either on existing anadromous fish run11s or on
runs currently under restoration. Conflicts with inland cold water
fisheries deemed most significant by sporting groups may occur at about
a quarter of the existing sites and at half of the new dan sites.

Effects on lakeshorc development and recreation caused by changes in
the fluctuation of water levels after installation ot hydropower tacilities
arc cited frequently as potential problems, although there is little data
available on this issue. Of the existing dam sites studied by NERBC. only
10% were found to be located on or immediately above river segments
valued for white-water recreation. Potential contlicts between new dan
development and white water recreation were tollld to be m1oc wide-
spread, however, as were potential conflicts with protection ot scenic
river segments.

Data developed by NERBC for the purposes ot identitving potential
conflicts is aggregated and displayed in Figure ES- I for each ot the New

- . .- -.- ~'-.-----~
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England states and in Figures ES-2 and ES-3 for each of twenty major river
basins in the region. These bar graphs show the amount of conflict with
one or more ot tour competing uses: anadromous fisheries, significant
treshwater tisheries, river recreation, and protection of scenic quality.

With respect to these four uses, specific findings include the following:

" Approximately 40(%, of the aggregate capacity potentially available at
the 364 sites studied can be developed without substantial conflict;

" Certain basins which appear to have potential only or retrofitting of
existing dams may be developable over almost their entire length
without significant conflict. Examples include the Blackstone, Paw-
tuxet, and Thames;

" The basins with greatest potential for hydro development at existing
dams - the Merrimack, Connecticut, Androscoggin, and Kennebec
appear to have a number of locations on tributary rivers at which the
development of hydropower facilities will not compete with fisheries,
recreation, or scenic uses and values;

" Proposals which call for substantial diversion or regulation of stream
flow will cause considerable problems with competing uses on certain
rivers; examples of rivers where controversy has already developed
include the Farmington in Connecticut, the Pawcatuck in Rhode
Island, and segments of the Androscoggin in New Hampshire;

• The development of new dams is likely to cause significant conflicts,
particularly if pursued on reaches of the Kennebec and Dead Rivers
near their confluence in Maine, on the East and West branches of the
Penobscot in Maine, on the White River in Vermont, and on the
Deerfield in Massachusetts.

The findings noted above are based solely on a correlation of the loca-
tions of the hydro facilities deemed most feasible by NERBC with the
locations of significant competing uses identified by either state and
federal agencies or by particular interest groups. Identification of poten-
tial conflicts did not take into account variations in project design and
operating mode, nor were the mitigating effects of measures such as the
maintenance of adequate flow releases or the provision of fishways
considered.

Furthermore, not every impact of hydro development is necessarily
negative. For example, regulation of streamflow by hydropower installa-
tions may lengthen the season during which canoeing or white water
rafting is possible on certain rivers. Hydropower projects can be designed
to include features which increase access to the water for recreational
purposes, such as canoe portages or launching ramps, Fishways can be

* Notc: The reader is referred to the maps accompanying this report tor a more prcisc
detinition ot the basins or river segments cited here.



EXECUTIVE SUMMARY

13

Potential Capacitv MW!

40'. Plant Factor 0 4) 90 13; 180 22
+  

2 ') ;l 40; 4;(
70% Plant Factor 0 20 40 60 0 10() 120 140 1 N IN 1 2n0o

Maine

New Hampshire

Vermont E Existing Sites

Massachusetts I

Connecticut E M
Rhode Island El I

Maine

New Hampshire
Undeveloped Sites

Vermont

Massachusetts L
Connecticut No Conflict Confhct

Rhode Island

Note: Potential conflicts include potential confhcts between hydropower developnt
and anadromous fisheries, significant cold water fisheries, recreation, or scenic
area preservation.

Figure ES-I: Distribution of Potential Conflicts



WATER, WATTS, AND WILDS

14

Potential Capacity MWI,

40% Plant Factor 0 22'S 4S 67,i 90 112.i 1,31 l "

70% Plant Factor 0 10 201 30 40 0 60 10

Merrimack

Connecticut

Androscoggin

Kennebec

Penobscot

Housatonic

Lake Champlain

Piscataqua

Blackstone

Saco

Thames

Maine Coastal E
St. Croix No Conflict Conflict

Presumpscot Fi'
St. John E I
Pawtuxet

Mass. Coastal j
Hudson

Conn. Coastal D
Pawcatuck

Note: Potential conflicts include potential conflicts between hydropower development
and anadromous fisheries, significant cold water fisheries, recreation, or scenic
area preservation.

Figure ES-2: Distribution of Potential Conflicts at Existing Dams in Major New
England River Basins



EXECUTIVE SUMMARY

, 15

Potcntial Capacity jMW

4W0% Plant Factor 0 22,5 4i 67i, 90 112 i JS' ", )
70% Plant Factor 0 10 20 30 40 ;0 60 1I S)

Merrimack

Connecticut

AndroscogginKennebec ! I ! "
PenobscotI

Housatonic

Lake Champlain !
Piscataqua

Blackstone

Saco

Thames

Maine Coastal

St. Croix No Contlict Conflict

Presumpscot

St. John Z

Pawtuxet

Mass. Coastal

Conn. Coastal

Hudson

Pawcatuck

Note: Potential conflicts include potential contlicts between hvdropowct dcvclopncnt
and anadromous fisheries, signiticant cold water tishcrics, recreation, or senlic
area preservation.

Figure ES-3: Distribution of Potential Conflicts at Undeveloped Sites in Major
New England River Basins

woa



WATER, WATTS, AND WILDS

16

installed to provide fish passage where none previously existed. Rctrotit-
ting of existing dams might enhance the restoration of historic struc-
tures such as powerhouses and dams. The creation of new reservoirs by
the construction of new dams or the repair of breached dams may be
desirable in urbanized areas or in places where there is demand for lake
recreation such as motorboating or swimming.

Resolving and The body of laws and administrative procedures governing hydropower
Avoiding Conflicts licensing reflects the need to reconcile the development of hydroelectric

facilities with other flow dependent uses. The licensing procedure estab-
lished by the Federal Power Act (FPA) and administered by the Federal
Energy Regulatory Commission IFERCI regulates the construction, op-
eration, and maintenance of hydroelectric projects. Section IA of the
Act establishes a clear policy for reconciling hydropower with other river
dependent uses and interests:

... the project adopted... will be best adapted to a comprehen-
sive plan for improving or developing a waterway or waterways
for the use or benefit of interstate or foreign commerce, for the
improvement and utilization of water power development, and
for other beneficial public uses, including recreational purposes ...

This general policy is supplemented by other sections of the Act which
require explicit consideration ot the effects of a project on recreation,
fisheries, and navigation, as well as on related interstate commerce.

The FPA is the primary law governing hydropower. It vests FERC with
the authority to override state statutes and policies in the licensing
process. In some cases, other federal statutes are also subordinated to the
jurisdiction of the FERC, although this issue is the subject of consider-
able legal debate. As a matter of practice, however, prospective develop-
ers are required by FERC to consult with other agencies to demonstrate
compliance with state and federal statutes governing water quality,
recreation, fisheries, and other aspects of water resources. This practice
has been sanctioned by action of the courts.

The principal means for resolving conflicts between hydropower and
competing uses will often be the negotiation of schedules of instream
flow releases. Maintenance of adequate releases can minimize adverse
effects on waste assimilation, fisheries and recreational use, and can
protect the scenic values in river reaches downstream from hydropower
projects.

With the recent advances that have been made in the design and manu-
facture of small, packaged power plant units, it appears that the feasibil-
ity for accomodating minimum flow releases in the design and operation
of hydropower projects is quite good. In an analysis of thirteen case study
sites conducted by NERBC, for example, it was found that use of small
turbines to generate electricity from minimum flow releases can sub-
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stantially reduce the adverse economic effects of minimum flow require-
ments on hydropower teasibility. JThe sites studied were generally repre-
sentative ot the types ot projects now being proposed in the region and
typically involved a diversion structure with the main powerhouse lo-
cated downstream from the dami Maintenance ot minimum flow re-
leases unquestionably reduces annual energy output. However, the re-
ductions may be justified if a balance among the flow needs ot competing
uses is considered desireable and consistent with public policy broader
than that applicable only to the promotion of hydropower development.

Fish passage facilities are another principle means of resolving the con-
tlicts which arise from the development of hydropower. As many as
one-fourth ot the region's most promising hydropower sites are located
on existing anadromous fish runs or runs currently under restoration.
Some form of fish passage facilities are likely to be requirid at these sites.

Fish passage costs are highly site specific. At $8,000 to $12,000 per toot of
head, however, they will make up a large percentage of proiect costs
(9-10% 1 on smaller projects at existing dams where there is limited flow
relative to the available head that must be utilized to generate economi-
cally feasible power. Requirements for fishways on such projects may
render the proiect economically infeasible, and thus make impossible
both the generation of hydroelectric power and the restoration (it fish
passage. To insure that these objectives are achieved, some form ot
public subsidy may be appropriate at those dams where economic teasi-
bility is marginal and where hydroelectric generation and restoration of
fisheries would be compatible, keeping in mind that tax credits arc
already available for investments in fishway facilities.

For new or breached dams located on rivers or streams significant tor
anadromous fisheries, the costs of constructing fish passage tacilities
unquestionably should lie with the project applicant, since in these
situations, construction or reconstruction of the dams will pose barriers
to fish migration that do not currently exist.

Avoiding conflicts altogether seems possible at many sites which are
desirable for hydropower development. The retrofitting of existing dams
causes fewer conflicts between hydropower and competing uses than
does the construction of new dams or the repair of breached dams. Since
there are a great number of existing dams in New England, interested
developers have many opportunities to locate hydropower facilities at
sites at which conflicts with other uses are likely to be minimal. In
addition, design and operation of hydro facilities at existing dams which
minimize the need for diversion or regulation of stream flow will reduce
the likelihood of conflict even on streams which are intensively used for
other purposes.
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The maps provided by NERBC in conjunction with this report are in-
tended to facilitate the process of identifying sites with minimal poten-
tial for conflict. Significant fishery, recreation, and scenic resources have
been indicated in order to make it possible to identify stream segments
which arc valuable for uses other than hydropower. The identification of
these segments is based either on established agency priorities for re-
source management e.g., protection of anadromous fisheries) or the
consensus of various constituency groups who have a strong interest in
the use and protection of certain water-related resources e.g., inland
cold water fisheries, recreation segments, and scenic reaches)

Prospective developers can substantially reduce conflict and delay if
they utilize these maps to select sites at which minimal conflict is likely
to occur. Consultation with the relevant state and federal regulatory
agencies also can help to reduce conflict and delay, particularly if such
consultation is undertaken in advance of detailed project design. The
preliminary permit process administered by the FERC provides a produc-
tive process for such consultation, since it allows potential problems to
be identified by agencies or other reviewers early on in the feasibility
stage of project development.

Additionally, it has become clear during the course of the study con-
ducted by NERBC that opposition to the construction of new dams ai
previously undeveloped sites is likely to be substantial. In many cases
development of hydropower at such sites would conflict with already
established uses of major significance to the region. In a region where
there already exist in excess of 10,000 dams, the number of remaining,
free-flowing river segments is limited. Many of these sites are highly
valued for their fisheries and for their recreational, scenic, and other
assets. If these assets were lost as a result of the construction of new
impoundments, it would not be possible to compensate for the loss.
Thus, while the merits of hydropower development at new dams relative
to the merits of maintaining and protecting competing uses will
obviously have to be evaluated on a case by case basis, developers should
recognize that proposals for construction of entirely new facilities will
not be easily implemented, regardless of any changes in the regulatory
process.

The reference to a comprehensive plan in Section IOA of the Federal
Power Act suggests a final approach to avoiding conflict. The develop-
ment of comprehensive plans, as a result of cooperation between de-
velopment interests and appropriate state and fcderal agencies would
provide a basis for coordinating the development of hydropower facili-
ties with the protection or enhancement of other river dependent uses.



EXECUTIVE SUMMARY

19

There are certain advantages inherent in a basinwide approach that are
not available in the site by site development process. These include the
following:

* the potential to optimize power output by augmenting stream flow
with upstream storage and by coordinating flow releases to accommo-
date the load and operational requirements ot facilities throughout the
system;

" the ability to limit mainstem operations to run of river facilities, and
to place only in upstream tributaries the storage facilities needed to
even out flows;

" the flexibility to negotiate compromises in favor of hydropower at
certain sites in return for accommodating different uses at other loca-
tions; and

" the ability to enhance a variety of objectives concerning river use, such
as using upstream storage to lengthen the season for which flow is
sufficient for recreation as well as for hydropower generation.
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Chapter I: Introduction
Study Background In the Water Resources Development Act of 1977 (PL 95-1991 Congress

authorized the New England River Basins Commission to conduct a
study of hydropower expansion in the New England region. Major objcc-
tives of the study were the following:

" to assess the feasibility of hydroelectric development at existing dams
and undeveloped sites throughout the New England region;

" to clarify the issues which arise from the competition between hydro-
power development and other uses of water resources, and to assess
(he potential for conflict resulting from such competition; and

* to provide information and data which will facilitate either the avoid-
ance or resolution of competing use conflicts.

In p.irt,.al completion of the first objective, a report, Potential for Hx'dro-
r'iwer iOevelopment at Existing Dams in New England, was released in
.nuary of 1980. Completion of the feasibility analysis of undeveloped

sites and fulfillment of the remaining objectives is the goal of this second
report.

Purpose of The public has certain rights to the use of water derived from common
This Report and statutory law, judicial decisions, and public policy. Some rights to

the use of water arc exchanged via the free market system. Others are
granted or protected by controls superimposed on the market system by
government. Government has not prescribed uniform public rights to
the use of water for every river, however. Indeed, foi many rivers in New
England, the extent and significance of public rights are unknown.

A substantial number of hydropower sites will be developed in the region
in the next ten to twenty years. Applications involving more than 200
sites already have been submitted to the Federal Energy Regulatory
Commission (FERC) as part of the preliminary permit process. Within
the next two years, many of these sites will be brought before the FERC
and other state and federal agencies for a determination of whether a
license to construct and operate a facility should be granted, and if so,
under what conditions. In many cases, such a determination will involve
an evaluation of the right to use water for hydropower generation vs. the
right to use it for other public purposes.

Negotiation between project applicants, competing water users, and
public agencies will play a large role in these determinations. Negotia-
tion will be particularly critical in situations where there is a lack of
articulated priorities or policies for use of a river segment; i.e. where the
significance and extent of competing public rights are unknown and
must be balanced in the licensing process.
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With this in mind, this report is designed to do the following:

" provide an overview of the benefits which will accrue to the region
from hydropower development (Chapter IlII;

" explain which types of conflicts arising from development will require
negotiation jChapter Ill);

" clarify the extent to which conflicts among competing uses are likely
to arise, and identify the basins where or the conditions under which
negotiations will be most intense (Chapters IV, V);

" describe the positions and perspectives of the negotiating parties,
particularly with respect to the use of instream flows (Chapter VI); and

* explain the means by which conflicts can be avoided or their effects
mitigated JChapter VI).

LL
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Chapter II: The Role of Hydropower in
the Region

Generating In its January 1980 report, Potential for Hydropower Development at

Potential at Existing Dams in New England, NERBC presented the findings of a

Existing Dams computer analysis of over 10,000 sites of existing dams. That analysis
indicated that as many as 1748 sites have the physical capability to
produce at least 50 kilowatts of electricity. The distribution of these

sites among the six New England states is presented in Table I below for

each of two plant factors*:

Table 2-1: Sites of Existing Dams with a Potential
Capacity of at Least 50 Kilowatts

40% Plant Factor 70% Plant Factor

STATE No. ot Potential Annual No. of Potential Annual
Sites Capacity Energy Sites Capacity Energy

IMw) IMwh) jMw) ,Mwh

CT 202 87 307,000 116 35 217,000

ME 465 368 1,282,000 312 154 942,000

MA 295 115 401,000 118 46 284,000

NH 535 260 916,000 353 108 659,000

RI 99 38 135,000 70 16 97,000

VT 152 134 471,000 115 59 353,000

TOTAL 1,748 1,002 3,512,000 1,154 418 2,552,000

Note: Figures do not include sites currently generating hydroelectricity at which
additional capacity could be installed. (For example, the Corps of Engineers
estimates that there are 130 Mw of potential additional capacity in Maine, with a
potential annual energy output of 640,000 Mwh.1 The sites listed under each
plant factor are not necessarily the same sites.

Subsequent computer screenings, based on a common set of assump-
tions regarding costs of construction and financing, were used to identify
the more economically favorable sites from among the 1,748 sites. Given
the current high interest rates and the fact that the majority of sites now
under investigation will be financed primarily by the private sector, an
interest rate of 15% was assumed to represent an appropriate cost of
financing. Using this rate in the computer model, it was determined that

approximately 300 sites could be developed, each of which could pro-
duce energy at an estimated cost of less than $.125/kwh.'" By compari-

son, rates to be established by state public utility commissions for
electricity produced by small scale hydro sites in New England are

Plant tactor is the ratio expressed as a percentl ot the average annual energy actually
generated by the plant to the energy which could be generated it the plant operated at
full capacity tor the entire year. A 100 kw plant, tor example, which has an average
output ot 70 kw over the course of a year, has a plant factor (t 7()%.
See Appendix A fot a listing ot the sites and screening criteria. The sites are shown on
the maps accompanying this report.
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Typical low-head New England dlarn. Photo. Bob Sahhatini

Table 2-2: Sites of Existing Dams at which Hydro
Development is Economically Most Attractive

40%, Plant Factor 7(1,. Plant Factor
STATE No. of Potential Annual No tit Potent ialI Ann ua I1

Sites Capacity Energy- Sites Capacity Energy:)
[,Awi I Mwh) Mw, wh

CT 33 62 217~,()() 3' 29 1 'S,000
ME 67 2 35 818.000 78 126 7 f00

MA i4 122 422,000) --4 54 331,000)

NH 80 132 463,0(',) 92 64 393.000

RI 19 19 65,000) 22 10 61,000)

VT 35 64 147,(X)) 37 29 1,'8.000

TOTAL 288 612 2,132,000 1320) 31 1,914.,000

Note: For the purposes (it this screening, an interest rate (it I ;"oand a maximum encrg%
cost ot S.1I25/kwh were used. Flood control danis constructed by the Corps (it
Engineers were not included in this analysis hecause of their UnKILju operating
constraints. There are 53 such damns in New England, less than ;".,. are esti-
mated by the Corps to be practical -sites for hiidroelectric generation Unlike the
data shown in Table 2-I., virtually allott the sites which met the screening criteria
at a 40"/, plant tactor met the criteria at a '0,, plant tactor.

estimated to be between $.06 and S.09/kwh. Table 2-2 displays the
results of this analysis.

If all of the sites listed in Table 2-2 were developed over the next tew
years, their aggregate annual output would he between 1.9 and 2.1 mil-
lion Mwh for 70(), and 40%) plant tactors respectively. Most ot the
generating potential is dispersed among sites tn the 1-10) Mw range in the
northern New England states. JA few large sites in the 10-20 Mw range
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account for much of the potential capacity identified in Massachusetts,
although there are many potentially feasible small sites in that state.)

Generating NERBC, with the cooperation of the New England Division of the U.S.

Potential at New Army Corps of Engineers, also has conducted an analysis of the generat-

Dams ing potential of sites where no dams previously existed. Sites were
initially identified using the 1954 New England-New York Interagency

Committee Study: The Resoures of the New England-New Ylork Region
prepared by the U.S. Army Corps of Engineers. They were then screened

using a methodology similar to that used in the analysis ot the sites of
existing dams. The results of this analysis are shown in Table 2-3

below.
Table 2-3: Undeveloped Sites at which Hydro Development
is Economically Most Attractive

40% Plant Factor 70', Plant Factor

STATE No. ot Potential Annual Potential Annual
Sites Capacit' Energy Capacty Energy

jMwl (Mwh' I Mw' .Mwh'

CT 2 14.3 50,300 8.2 50,3;00

ME 31 300.1 1,156,500 188,6 1,156,500

MA 1 7.4 25,799 4.2 25,800

NH 4 101.9 356,900 38.2 356,900

RI - - - - -

VT 6 21.2 174,7,8 12.1 74,200

TOTAL 44 474,9 1,66,1,70(} 271.3 1,663,70()

Note: For the purposes ot this screening, an interest rate of 13, and a maximum encrgv
cost ot S.115, kwh were assumed. This lower cost threshold was used because
transmission costs were not included in the analysis. In estimating power
output, it was assumed that all available flow would be utilized for power
generation, therefore annual energy is the same for both plant tactors. Figures for
the Dickey-Lincoln projcct tor the St. John River Basin are not included.

As indicated, development of all of these sites would provide an esti-
mated annual energy output of approximately 1,700,000 Mwh, with
about 70% of the total generating potential located in Maine.

Undertaking an inventory and analysis of over 10,000 dam sites obvious-
ly required the use of a general set of engineering, hydrologic, and econo-
mic criteria. Therefore, the information presented in Appendices A and B
should be used only for comparing the relative economic favorability of
sites. A more rigorous analysis which would take into account specific
site characteristics or financing variables (e.g., alternative penstock con-

figurations or investment tax credits) was not possible. A detailed feasi-
bility study of any one site may yield substantially different results

See Appendix B tot a listing ot sites and screening criteria The site locations arc also
indicated on the maps accompanying this report
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depending on the criteria applied. Nevertheless, the figures presented in
Tables 2-2 and 2-3 arc valid tor purposes of describing the relative merits
ot sites.

The results of the screenings based on capacity and economic viability
discussed above provide al a gross estimate ot the maximum amount of
generating capacity and energy potentially available from hydropower
development at existing darns and undeveloped sites; and hl a fairly
realistic appraisal of the number, capacity, and annual energy output ot
sites which may be cconomically feasible to develop over the next few
years. It should be noted, however, that no prolections have been made of
additional capacity potentially developable at sites already generating
power or ot capacity which might be developed using a basinwide
approach wherein upstream storage would be utilized to supplement
downstream generation. The state ot Maine, for example, has proposed a
comprehensive investigation of the St. lohn River Basin to examine the
feasibility of multiple purpose development ot upstream storage sites to
provide regulated flows for a dam at Lincoln School.

Energy Security Much of the current interest in hydro development is the result ot
legislative initiatives designed to reduce the nation's dependency on the
use of foreign oil to generate electricity. As shown in Table 2-4, New
England is particularly dependent on oil- fired generation: about 60% of
the electricity generated in 1980 came from oil-burning power plants
(which burned about 78,000,000 barrels of oil).

Table 2-4: Comparison of Fuels Used to Generate
Electricity in New England in 1980
iFigurcs in mhillons 0t kilowatt hours and pcrccnt'

STATE Coal Nuclear Hydro Oil (as Total
CT - I 1.83; 2;r) 12,614 - 2-6p

MA l,794 3,232 9o 29.291 428 .14.,4;

ME - 4.404 1.443 2,05, ,  -3 03

NH 2,",14 - S2 2,.65 - 59" I
RI - I 483 4S) 964

VT 13 2,9"19 "4 "2 12 I.S20

NE 4,541 22,450 3,40, ",.S6 920 "S.202

j5.", 2 S.' ".) 44 " , 60' 1.2"o I 10.0",,

Source Flcttric Council ot N cw, England picliniirwrv tigurcs tor Ios

Hydro currently contributes between 4% and 6% ot the electricity
generated in the region annually; it is hoped that this amount can be
substantially increased. However, from a regional perspective, the total
contribution that the development of new hydropower capacity can
make to reduce our dependence on imported oil is likely to be limited. It,
for example, all of the approximately 300 existing dams listed in Table
2-2 that ranked most favorably on the NERBC inventory were retrotitted
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utilized to meet demand in order of their etticicncv, i.e., the most efti-
cient plants are run around the clock to meet base load demand and the
less efficient plants are brought on line to meet demand during peak
periods of the day. Whenever hydropower can be integrated into this
system through the purchase of power from privately or municipally
owned dams or development by the utilities themselves, it will be used
by utilities to preclude the need for generating oil-fired electricity oi for
importing it from other areas.

In combination with other alternative sources, even a small amount of
new hydroelectric generation will help to offset some of our dependence
on foreign oil. Conservation efforts have, tor example, brought
NEPOOL's proicctions of annual increases in energy demand for the next
fifteen years down to a level of about 2.711,,, considerably lower than the
5-6", annual growth rates exhibited during the pre-embargo years of the
early 197 )s. To the extent that hydro can make a similar contribution by
providing a small-scale, decentralized alternative to oil fired generation,
the region's energy situation will be improved.

Rate Impacts Will hydro provide a less expensive alternative to imported oil' Titles 11
and IV of the Public Utility Regulatory Policies Act tPURPA enacted by
Congress in 1978 were designed primarily to stimulate the development
of small-scale power production and bring new facilities, including hy-
dro facilit .. ; on-line as quickly as possible. To achieve these goals,
PURPA provides that utilities must purchase power generated by small-
scale facilities, and that the rate paid for this power should be based on
the principle of incremental or avoided cost*.
In essense, these provisions have provided a guaranteed market for hy-
dropower and in New England have established the cost of oil jor a fixed
percentage of it) as the basis for purchase rates to be negotiated between
small-scale producers and utilities. Under the procedures established by
PURPA, the Public Utilities Commission in each state is responsible for
establishing a methodology upon which the avoided cost rate can be
determined on a case by case basis or for setting a uniform statewide

* "Incremental or avoided cost" is the cost utilities would have to incur to produce an
equivalent amount ot power by alternative means or purchase it from other suppliers
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rate* As of this writing, only New Hampshiie and Vermont had estab-
lished statewide rates. The other state PUC's were in various stages ot
completing their responsibilities under PURPA through the promul,1ga-
tion of regulations. Based on the available Information, however, 1 98 1
PURPA rates tor the various New,% England states, are estimated to he as

holow s

Table 2-5: PURPA Rates in New England

S I A 11 Rate mnills kwhl STATE Rarc mill11s kwhli

Cmnnuctickir ;6 non-fim Rhode Island (-%
'I firmn Vermont 66 off peak

.M.111o 10) 90 peak

Massach1Jsetts 0U-(Sf)o craigc

Nuw%% Hamrpshire 7' non-firmn
S2 firmn

Note Ii) mills uqual s lo) firipowu iCss'tilvdpnlhc ~piista a
Litili:Cd .t any toni to Meet &MnAnd WN ih tht uXCCutl M ot NcN HImphm Lll'11LAld
\Cttttuttt .all iigiirts are cstiniatcs punlding roniaOnt tina.l tugltLoItIO1 And
clin latiOn o)tJ.Voidud COStS tor indi\ idual UtIit\ SCIr\ itC arCAs %%ithinlC1 cac Ntatc

These PURPA rates w-ill provide a framework within Which actual Pow-
er purchase contracts will be negotiated between hydro developers and
utihttics. These contracts will probahly specify that long-term purchase
rates for hydroelectricity he based on fixed percentages of the utilities'
avoided costs. For example, hydroelectricity will he valued in an\y one
,,ear at 90 percent or more of a utility 's avoided coists in that y'ear. For- a
utility that Continues to he heavily reliant onl oil-tired generation, the
price paid for hydroelectricity will rise as the costs of oil rise over future
years.-

This pricing mechanism was designed to stimulate development ofI

small scale energy sources as an alternative to oil-fired generation. In the
short run, it will not produce lower electric hills for consumers, assum-
ing the price paid for hydroelectricity will he based on what utilities
Would have had to) pay to produce the same amount of -power using
oil-tired generation.

The constitutionality of the implementamtion priccdurcs established b\- l'tRIA has
hue-n sucusstully chaillenged by the State ot Mississippi in) U.S D isti ict C.ourt I]hu
case is currently tinder appeal to thu U.S. Suprumi- Court
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Fromnt aregional perspective, It IS Unlikely that dcvclopnlcnt o! hvdro will
have mu1Lch effect oil consunmer ratcs even it thc si!, (it hydroelectricity to
u~tilities was not tied to thc cost ot oil. Rate-, paid bv consursn ot
electricity are based onl thc total costs of service provided byalgcncrat-
Ing facilities used In a systen 1C.g., oil, nuclear, coal, hydro). with the
facilities contrihuting the smraller amounts Ot power having less effect
onl ultimate consumer rates. As noted earlier, the amiount of hydro that
probably will be developed will make only a limited contribution to the
total amnount ot electricity generated and con1SUMed in the region. Thus,
development of hydro will have limited effect on consumner rates.

Most o1 the sites now being investigated tor hydro development in New
England are being looked at by private investors responding to the incen-
tive-S provided by PURPA and other federal and state legislation. Power
produced at these tacilitic will he sold to utilities as described above, for
the purpose ot -'backing out" oil generation and for providing investors a
tair return onl their investments.

In other cases, municipal or industrial deveclopers will seek to use the
hydroelectric power directly, it it can be developed at less cost than it
they, had to purchase an equivalent amiount ot power tromn utilities. For
example, a manufacturing tacility in Rhode Island estimates annual fuel
savinlgs on thec order ttOUO - S400,000)( by generating its own Power
through rehabilitation of an existing damr adiacenit to the plant. Indus-
tries Such as paper mntafCturing that utilize large amounts (it energy
will benefit substantiallv tromn Such savings. ats will municipalities that
can use hydro~power to provide electricity tor schools, waste treatment
plants, and other municipal tacilitics.

Tax and Will expanded hydropowe-r development play an important role in creat-
Emnploymient ing jobs or improving local economries and fiscal S~titins The emnploy-
Benefits merit benefits ot hydr-opower construction, although relatively short-

term, Must be recognized as, signiticant tr irn the point (ot view (ot affected
w i(rkers, and Ct IMmunUiis. peak protect em plovmnrt appears to average
about 10) workers, tor each meigawatt ot new capacity developed. This
suggestS that6,00tX-1I ,()jo(bs couLld begenecrated in New England at the
peak (it develment tit thet ;60) or So projects listed in Tables 2-2 and
2 -3*
I Fil potential total wages paid for construction, as shown in Table 2-6,

aeestimated to be SI 06-$20(H million, depyending (on whether projects
are generall developed at at higher capacity with correspondingly lower
plant tacitir ir lower caipacty with at correspondingly higher plant tactor.

It slwumid ht, nwt d t hat the ltttal Pri iCit e i 1 1 men 1 it t191reC giVen here are hised on the

,aiti timec I hes d', iit repjresen1t Ai Sitluhlldneus peak in hNydropowet construction
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Table 2-6: Total Estimated Wages for Construction
at Existing and Undeveloped Sites

40% Plant Factor 70%'!, Plant Factor

STATE Existing Undcr. Total Existing Undev I otal

CT $ 9.6 $ 2.9 S 12.5 S 3S .- S 7.0

ME 38.9 66.0 104.9 22.4 ;3.9 -6.3
MA 21.00 1.5 22.5 11.3 .8 12.1
NH 21. 7  20.4 42.1 9.9 10.- 20.4
RI 2.9 - 2.9 2.2 - 2.2
VT 11.1 4.2 15.3 - 2.2 -I

TOTAL $105.2 S95.0 S200.2 S-6.s $4h.9 Sl05-. -

Construction of hydropower facilities at previously undeveloped sites
will obviously create many more jobs than retrofitting ot hydro installa-
tions at existing dams, because of the need to build the dam itself as well
as a powerhouse.

Increased spending by workers may also have indirect multiplier etects
on income, and possibly on employment in surrounding communities.
The significance of indirect effects varies with the circumstances of each
project, and is of concern primarily for larger projects in relatively re-
mote areas.

Local governments in New England are heavily dependent on property
taxes for operating revenues. Property taxes are levied annually on most
hydropower projects as they would be on other real and personal proper-
ty. Since the property tax is levied locally, local tax revenues may be
significantly boosted by development of hydropower projects.

Estimated local tax revenue increases which could result from hydro-
power development in New England are shown in Table 2-7, and were
calculated using the total number of feasible sites listed in Tables 2-2 and
2-3. Potential revenues arc on the order of $19 - S27 million, reflecting a
rcgionwide average effective tax rate of roughly 2%. As noted in the
table, Massachusetts and Rhode Island have enacted legislation provid-
ing for in-lieu of tax payments or exemptions from property taxes. Con-
necticut is also considering such legislation.

The figures in Table 2-7 also indicate that the capital investment needed
to construct the 360 sites may exceed one billion dollars. Investment of
this money in the region rather than having it diverted to foreign oil
sources may make a substantial beneficial contribution to the regional
economy.
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Table 2-7: Possible Additional Property Tax

Revenue from Hydropower Facilities
Potential Investment in Hydropower Average Potential
Facilities (in S millionl Effective Tax Tax Revenue

Rate ipercent) (S millionl

40% Plant Factor

STATE Existing New Total
Dams Dams

CT S 87.4 $ 15.7 $ 103.1 1.8 $ 1.775
ME 266.0 363.1 629.1 1.6 (Note 31 10.714
MA 163.2 8.1 171.3 (Note 41 1.330
NH 201.7 112.1 313.8 3.5 10.857
RI 37.5 - 37.5 Note 51 .094

VT 94.6 23.3 117.9 1.8 1.940

TOTAL $850.4 $522.3 $1,372.7 $27.060

70% Plant Factor

STATE Existing New Total
Dams Dams

CT $ 71.1 $ 9.9 $ 81.0 1.8 $ 1.458

ME 201.2 226.3 427.5 1.6 (Note 31 6.677

MA 118.1 5.0 112 jNote 4) 1.330

NH 160.5 69.8 230.3 3.5 8.061

RI 37.5 - 37.5 (Note 5) .094
VT 71.1" 14.5 85.6 1.8 1.541

TOTAL $659.5 $315.5 $975.0 $19.161

Notes:
1. Investment value including contingencies and interest during construction), less site

acquisition cost, in 1980 dollars.
2. Statewide average rate on equalized value, based on data compiled by state agencies

for various years 1978-1980L
3. Property taxes collected in the unorganized territories in Maine arc paid directly to the

state. Rates are low since the total tax levied cannot exceed direct state support costs
for the territories. Thus, the totals shown tot Maine over-estimate potential tax
revenues.

4. Massachusetts law (Chapter 367, 19791 authorizes municipal governments to levy a
5% gross income tax, in lieu of property tax, on new hydropower facilities during the
first 20 years following proiect completion. The in-lieu tax shown is assumed tot all
new projects, based on a rate of 7 .5o per Kwh and a potential energy generation of
448,000 Mwh 140%, plant factotl and 354,705 Mwh t70% plant factor)

5. Rhode Island law 144-3-3, 19791 exempts new hydropowcrgeneration equipment from
property taxation. The exemption is assumed to apply to 90% ot market value the
remaining 10% (dam improvements, all at existing sitesl arc taxable at an average
effective rate of 2.5%.
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Current Demand Given the estimates of the number and capacity of sites for hydropower

for Hydropower development discussed in previous sections, how much hydro is likely

Sites to be built?

The answer to that question is uncertain. However, the combined effects
of investment tax credits, a guaranteed market for small-scale hydro-
power, and a sales price per kilowatt hour linked to the cost of oil have
stimulated substantial interest in hydro development in New England.

For the period January 1978 - May 1981, the Federal Energy Regulatory
Commission in Washington D.C., received approximately 250 applica-
tions for exemptions, preliminary permits, or licenses. The distribution
of these applications is shown in Table 2-8 below. The total capacity

potentially available from these sites exceeds 950 Mw.

Table 2-8: FERC Exemption, Permit, and License
Applications January 1978 - May 1981

No. ot No. ot No. of Total
l1crni, License Exemption Uapacitv
Applications Applications Applications Mw'

Connecticut 25 - 12:

Maine 42 1 1 , 97

Massachusetts 33 - 2 90

New Hampshire 69 11 , 1,0
Rhode Island 16 2 1 8

Vermont 33 13 1 211

TOTAL 218 27 S 96 1

A comparison of the sites designated in these applications with the sites
identified in the NERBC estimates of development potential indicates

that many of the sites at which development appears feasible are already
being investigated. Many of the existing site applications submitted to

the FERC are for the same sites listed in Appendix A and shown on the
maps accompanying this report. Several of the new site applications are
for projects other than those listed in Appendix B, however. This results
from differences in site selection criteria used by project applicants and
the Corps of Engineers, who prepared the new site inventory for NERBC.
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Almost 70% of the projects are being considered by private developers,
with about 80% of the projects involving the retrofitting ot existing
dams with hydro generating equipment. Entirely new tacilities arc being
considered for construction at 35 previously undeveloped or tully
breached sites.

Most of the proiects are in the 500 kw to - Mw range, with about 7() to
80% of them in the low head category ot under 60 feet. Several larger
projects, most of them involving new dam construction are also pro-
posed.

The types of projects being investigated are characterized in Table 2-9
below.
Table 2-9: Types of Hydro Projects in New England

Currently Being Investigated for Development

Number Percent

Developer Type: Private 138 67
Public 57 28
Combination I ()
Unknown 2

Dam Type: Existing 166 83
New 35 17
Unknown 30 -

Head: Less than 25 tect 60 43
25 eet - ,0 teet 43 30
51 teet - 100 teet 29 21
Greater than 100 teet 9 6
Unknown 92 -

Capacity: Less than 500 kw 60 27
500 kw - 5,000 kw 130 58
Greater than 5,000 kw 34 15
Unknown s -

Note Ihc figurc,, in Table 2-9 include only those prmcct, whih ha\c bccn entcrcd
into the FERC process. Exanples (i .xcludcd ploiccit, lnL lud 11.110i pubLIc
proeccts such as the Dickcy-Lmcoln St. lohn BaSn Stude eing ctnduc tCd b' the
Corps ot Engincers in Maine.
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Chapter III: Hydro Development and
Competing Uses

Introduction Because the generation of hydropower is only one oft m,.nv uses tit Ncw
England's rivers and streams, the development of hydropovcr tacilitics
may conflict or compete with other water resource actlvitlcs and valuc,,
The severity of any conflict will be highly site-specific, and will depend
on the type and configuration of the hydro installation, the mode of
operation, the environmental characteristics of the site, and the use ot
surrounding lands. The interrelationships between these tactors arc
summarized in the following sections.

Dam Types and Hydro development may involve the retrofitting ot an e'xi\trng ,iam with
Operating Modes hydroelectric turbines and generating equipment, the rehabilitation and

retrofitting of a breached dan *, or the construction of a nctw darn and
powerhouse.

Of 253 permit, license, and exemption applications submitted to the
FERC as of May 1981, roughly 83% involved the retrofitting of existing
dams, 8% involved the rehabilitation ot breached dams, and 9", the
construction of entirely new facilities.

ListI g d.ao1 ool lith' .\tittloL' koi,.,iln 1(l\ I'l i~t Ph ll, ~, ho il ltn

* For the purposcs (it this rcport the ter n br't hd dim ' tIt'rN to d.am, 'whi, h ha.it'
been physically damaged by h1ood, or othtr kaust' i, t hth h xit Ou t %lit it,,",
through thenm more or Icss unotritrtdlV

,1t
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Existing 4}MS

Head at Dam 20 Feet

Head at Downstream River Elevation
Powerhouse 40 Feet4Y

Figure 3-1: Headrace Diversion at an Existing Dam

The design of a hydro installation at either of these three types of dams

may involve the utilization of an enclosed pens tock or of an open canal
called a headrace. Penstocks or headraces are used to divert flow out of

the mainstem of a stream to a powerhouse sited downstream to gain
more head for the production of power (see Figure 3- 1). The inclusion of
such diversions in proposed hydropower facilities in New England
appears to be fairly common, and the penstocks or the headrace canals
proposed can be of considerable length. (See Table 3-1).
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Table 3-1: Summary of Proposed Diversions for
Project Applications Submitted to FERC as of May 1981

Diversion Length No. of Projects % ot Projects tor Which
Configurations arc Known

No diversion 38 23

1 foot - 300 feet 42 26
300 feet - 1000 feet 36 22

Greater than 1000 feet 46 29
Length of or Needs 70 -

for Diversion Unknown

There are two basic modes of operation: run-of-river and store-and-
release. In a run-of-river mode, the amount of flow released downstream
of the installation equals the amount of flow entering the impoundment
upstream of the dam at all times. Run-of-river facilities can be developed
on rivers whose flow either is in an uncontrolled, natural condition, or is
regulated by other facilities upstream.

Store-and-release facilities utilize the storage capabilities of impound-
ments to provide hydroelectricity on a cyclical basis. Water is stored in
the reservoir behind the dam during periods of limited electrical demand
and released through the turbines during periods of peak demand. The
level of the water in the impoundment fluctuates accordingly. Store-
and-release cycles can be on a daily, weekly, or seasonal basis depending
on the amount of storage available in the impoundment and the desired
use of the electricity generated.

Most projects in New England involving existing dams will be operated
in a mode approximating run-of-river because of the limited storage
capability of their impoundments. (The term run-of-river is often broad-
ly interpreted to include a limited amount of fluctuation in flow re-
leases.) Both run-of-river facilities and store-and-release facilities can
employ penstock or headrace diversions.
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Conflicts between The instances in which the various types of hydropower facilities and

Hydropower and operating modes will conflict with competing uses are displayed in the
Competing Uses matrix below (Table 3- I. The nature of each type of conflict is discussed

in subsequent sections.

Table 3-2: Competing Uses Conflicts

Type of )am and Configuration
Competing Uses Existing Breached Diversion Mitigation Measures

Dams Dams New Dams Structure

Water quality, waste s-a-r r-o-r r-o-r r-o-r Maintain adequate flow
assimilation s-a-r s-a-r s-a-r releases, venting, aeration.

Habitat, wetlands, deer r-o-r r-o-r r-o-r Set aside other habitat
yards, rare & endangered s-a-r s-a-r s-a-r elsewhere.
species

Anadromous fishery r-o-r r-o-r r-o-r r-o-r None, if habitat destroyed
s-a-r s-a-r s-a-r s-a-r provide fish passage,

maintain adequate flow
releases.

Freshwater fishery r-o-r r-o-r r-o-r r-o-r None, if habitat destroyed
s-a-r s-a-r s-a-r s-a-r maintain adequate flow

releases, adiust turbine
4 intake placement.

Land Use

" Agriculture, forestry, r-o-r r-o-r None if irreplaceable
mineral extraction s-a-r s-a-r resources; compensation

" Residential, r-o-r r-o-r Relocation; compensation
commercial industrial s-a-r s-a-r
development &
recreation

" Lakeshore s-a-r r-o-r Maintain satisfactory lake
development & s-a-r level fluctuation regime
recreation

" Historical & r-o-r r-o-r Survey, restoration,
archeological sites s-a-r s-a-r relocation.

Whitewater recreation s-a-r r-o-r r-o-r r-o-r None if whitewater reach
s-a-r s-a-r s-a-r inundated maintain

scheduled flow releases;
provide portage facilities.

Scenic Rivers r-o-r r-o-r r-o-r None if scenic reach
s-a-r s-a-r s-a-r flooded; maintain

adequate flow releases for
downstream reaches.

Note: r-o-r: run-of-river mode of operation
s-a-r: store-and-release mode of operation
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The operation of retrofitted, existing dams in a run-ut-rivcr mode will
pose few conflicts with other uses, providing the facili ties do riot 1r] volv'
significant diversions of stream flow. Rehabilitation ot breached dams
or construction of new dam§ will result in the creation of new impound-
ments and may cause conflicts with competing uses. Store-and-release
operations will conflict with competing uses that depend on prc-existing
patterns of lake level fluctuation or downstream flow.

The matrix displays only individual site etfects or conflicts. Systemwide
or cumulative effects may also occur where a number (it sites are de-
veloped over the length ot a basin. For example, development of one new
dam in a basin might reduce anadromous fish populations by only 10",
but a series of successive new dams in the basin might result in an overall
reduction of 30% or more.

Not every impact of hydro development is necessarily negative. For
example, regulation of streamflow by hydropower installations may
lengthen the season during which canoeing or white water ratting is
possible on certain rivers. Hydropower projects can be designed to in-
clude features which increase access to the water for recreational pur-
poses, such as canoe portages or launching ramps. Provision ot tish
passage at existing barriers may enhance fish restoration efforts. Retro-
fitting of existing dams might entail restoration ot historic structures
such as powerhouses and dams. The creation of new reservoirs by the
construction of new dams or the repair of breached dams may be desir-
able in urbanized areas or in places where there is demand tor lake
recreation such as motorboating or swimming.

Water Quality

One of the assets of hydropower is that, unlike some other eneri,y
sources, it does not require the discharge of pollutants into the air or
water. However, hydropower installations can have unwanted ettects on
water quality. Creation of new or enlarged impoundments can cause
stratification, or the separation of waters of different temperature into
layers. Oxygen content can be reduced by the warming ot shallow waters
in new or enlarged impoundments, and by the increased accumulation ot
organic nutrients. The depletion of oxygen can also occur if a segment of
rapids, which causes natural aeration, is replaced by an impoundment or
by-passed by a diversion structure. Other possible effects are the accu-
mulation of pollutants in sediments above a dam, requiring dredging and
disposal, or the restriction of flow such that too little water is provided
for the river to assimilate wastes discharged into it downstream.
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Modifications of the design of the hydropower facility can reduce or
eliminate the problem, mentioned above. For example, stratification can
be prevented by proper placement of the penstock or headrace intake
within the dam. Turbines equipped with venting devices or other aera-
tion features may offset losses of natural aeration, as can maintaining
spillage over the dam. Maintenance of adequate flow releases can pre-
vent problems with waste assimilation downstream.

Wildlife Habitats

Wildlife may be endangered by hydro development at new or breached
dams if creation of new impoundments causes the inundation of critical
habitat.* At dams where impoundments already exist, impacts on wild-
life habitats will occur only if the patterns of fluctuation of the lake
levels are altered by new procedures for operating the dams. Such fluc-
tuations create a zone around the impoundment which is subject to
periodic innundation. These zones usually support only limited vegeta-
tion, in contrast to the shores of natural lakes and rivers, which support a
wide variety of vegetation. Loss of plant life along these shores may
destroy habitat and nesting sites important to water fowl and other
wildlife.

While almost every type of land serves as a habitat for some species of
plants and wildlife, highly productive habitats such as wetlands, critical
areas such as deer yards, and lands which support rare, threatened, or
endangered species are of special concern.

When unique habitats are destroyed by the creation of new impound-
ments, when they are altered by changes in lake levels or when they
receive less water because stream flows are diverted, they may not be
replacable. In such cases, there is no way to lessen the damage. However,
in cases in which the habitat affected is not unique it may be possible to
insure the preservation of an area serving as an equally valuable habitat
elsewhere through acquisition or through purchase of conservation ease-
ments. It may also be possible to increase productivity elsewhere to
offset wildlife losses at an impoundment site.

Federal and state fish and wildlife agencies can provide information
about the location and special characteristics of rare and endangered
species. Reconnaissance surveys by prospective developers can be used
to assess the characteristics of a habitat which may be important to these
species.

* Cleanng of comdois for transmission lines may have similar effects.



HYD)RO I)EVELOPMENT AND COMPETING USES

41

Anadromous Fisheries

Anadromous fish are fish that spend their adult lives in the sea before
migrating upstream into freshwater rivers and tributaries to spawn. The
New England species which are anadromous include the Atlantic sal-
mon, the alewife, the American shad, the rainbow smelt, the blueback
herring, the Atlantic sturgeon and the endangered shortnose sturgeon.
Landlocked salmon, though not technically considered "anadromous"
species, live in large lakes and migrate upstream to spawn.

In many cases, the construction of dams has already impeded the up-
stream migration of these fish. Retrofitting of these dams with run-of-
river hydropower facilities located at the dam generally is unlikely to
further degrade the fishery resource.

In some cases, however, upstream reaches or tributaries are used by
fishery agencies for stocking and for the release of juveniles. These fish
are able to migrate downstream in the spillage over the tops of dams.
Reduction or elimination of such spillage and diversion of flow through
newly installed turbines could substantially reduce the number of fish
which can migrate downstream to return to the river system in other
years. Repeat spawners are extremely important for the maintenance of
population levels of some species such as the American shad.

Development of sites at which rivers are currently free-flowing can
cause the greatest impact on anadromous fish and the fishery. Nursery
and spawning habitats upstream of the dam site can be lost when an
impoundment is created, and construction of the dams will obstruct
both up and downstream migration of fish. Fishing sites may also be
eliminated. Although fish migrating upstream can pass a number of
successive dams equipped with fishways, their numbers are depleted at
each one by as much as 10% - 20%, thereby resulting in a severe cumula-
tive reduction in overall population.

If the development of a site includes a diversion, much of the flow in the
river will be directed through the penstock or canal. The stretch of river
that is bypassed will receive substantially less water. The reduced flow
may exacerbate upstream and downstream migration problems, particu-
larly if the flow out of the tailrace attracts fish and confuses them while
they are migrating upstream. Low water levels in the river between the
dam and the tailrace may not provide enough water for spawning and
nursery habitats, and it may reduce the level of oxygen in the water and
raise the water temperature.

Operation of a hydropower facility in modes other than run-of-river
causes fluctuations in the water levels above the dam and in flows
downstream. Fluctuating water levels in impoundments can affect
spawning and nursery habitats. Downstream effects can include the
dewatering of the river during storage periods, causing increased water
temperature, reduced levels of dissolved oxygen, or elimination of
spawning and nursery habitat.

...........
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With the exception of the flooding of the habitats of anadromous fish by
the creation or enlargement of impoundments, most of the adverse
effects of hydro development can be eased by providing facilities for fish
passage and by adhering to flow releases scheduled to accomodate the
needs of fisheries during different seasons of the year. The retrofitting of
existing dams may in fact help to restore some habitats if it includes the
installation of fish passage facilities where none previously existed. (On
the other hand, such retrofitting may conflict with plans agencies may
have had for eventual removal of the dams.1 Facilities for fish passage can
include trap and truck programs, stepped fishways or ladders, or elevator
systems. Maintenance of minimum flow releases can ensure that ade-
quate flow is provided in segments critical for migration, spawning, or
other habitat.

Fresh Water Fisheries

Fresh water fisheries support resident cold and warm water species.
Unlike anadromous fish, resident fish spend their lives in one general
area. However, they may undergo seasonal movements to feed, spawn or
seek other suitable habitats. Cold water species such as trout require
cold, well oxygenated, high quality water. Warm water species such as
the largemouth bass can tolerate warmer conditions and less oxygen
content.

Fresh water fisheries will generally not be affected by the retrofitting of
existing dams with run-of-river power facilities installed at the base of
the dam. Rehabilitation of breached dams or construction of new dams,
however, may inundate upstream spawning and nursery areas. In addi-
tion, a free-flowing stream supporting a cold water fishery may be con-
verted to an impoundment which could only sustain warm water spe-
cies. A repaired dam can be a barrier to fish movement, blocking off
access to upstream spawning habitats or cool springs that serve as ref-
uges from high summer water temperatures. New impoundments may
result in incre;ised water temperatures with adverse effects on down-
stream habitat.

If development ot an existing, breached or new site includes a diversion,
the impacts of the project are increased because much of the flow in the
river will be directed through the penstock or canal. The stretch of river
that is bypassed will receive substantially less water. Reduced flow

levels between the dam and the tailrace may dewater spawning, nursery
and adult habitat, reduce oxygenation if rifles are lost, and may raise
water temperature.
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Land Use

New hydro installations at existing dams are unlikely to affect land use
significantly if they are operated either in a strictly run-of-river mode or
in a manner consistent with pre-existing patterns of flow regulation.
However, considerable concern has been voiced in New England that the
recreational use of lakes and associated second home development will
be negatively affected if patterns of lake level fluctuation are substantial-
ly altered through operation of new hydro facilities at formerly aban-
doned dams.

In many vacation areas of New England, artificially created lakes and
impoundments have become the loci of substantial developments of
second homes, and of tourism and recreational activities. These uses
depend on either stable lake levels or changes in levels that are predic-
table on a seasonal or annual basis. A change in the way water levels
fluctuate could jeopardize access to the lake and/or its suitability for
swimming, boating, and other recreation activities, and could result in a
decline in shoreline property values and in the income from tourism
which depends on the use of the lake.

There is also concern that the construction of new dams or the recon-
struction of breached dams will create new or expanded impoundments
which may inundate developed areas, public infrastructure, scarce agri-
cultural lands, historic sites, or archaeological features. Highwa, s, agri-
cultural uses, and archeological sites in particular are generally located
in rural valleys alongside riverbeds where gradients are gradual, and the
soil is fertile. Native settlements often were located in these areas to
take advantage of the opportunities for fishing, transportation, and other
possible uses of the river. The remains of these settlements are vulner-

able to inundation.

Adverse impacts on recreation and on lands along lakeshores can be
prevented through the negotiation of schedules of fluctuation of lake

levels between dam operators and property owners, or by the compensa-
tion of adversely affected parties. Relocation of infrastructure such as
roads, sewer lines, or other existing improvements may be possible,
depending on the size of the impoundment to be created and the sur-
rounding constraints on land use. Surveys, relocation, or rehabilitation
of archeological and historic sites may also be possible depending on the
extent and condition of the finds. Scarce agricultural or timberlands may
be irreplaceable, although landowners can be compensated for the com-
mercial value of the products of such lands.

NO
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Kvaking on a New Hauipshirc river. Ph(to )avid Lden

Scenic and Recreational Rivers

The negative impacts of hydro developmcnt on scenic and recreational
rivers are directly related to the extent that a facility alters the upstream
and downstream stretches of these segments. The retrotitting of existing
dams, in cases in which the turbine is located at the dam and the project
is operated in a run-of-river mode, will have little or no affect on the
scenic qualities or recreational uses of a river. Recreational uses and
aesthetic values can even be enhanced at these sites if canoe portages and
access to the river are provided.

Upstream, free-flowing waters could be eliminated, however, by the
creation of new or enlarged impoundments as a result of the reconstruc-
tion or repair of breached dams. Any rapids located directly upstream
would be flooded, and where a breached dam is now passable by canoes
and kayaks, the restoration of the dam would make it necessary to
portage the site.

The construction of new dams on scenic and recreational segments ot
rivers would be in direct conflict with their present value, which largely
is derived from the absence of human interterence or development.
Construction of a new dam and impoundment may require inundation
of white water rapids, scenic gorges, or other tcatures which contitutc
the scenic quality and recreational value (t a trec-tlowing river

ti
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Significant impacts will always occur when the natural stream flow is
altered above or below any existing, breached, or new dam site. A diver-
sion of the river through a canal or penstock for more than a few hundred
feet will have a negative impact on uses which require instream flow
below the dam. Store-and-release operations which produce power at
times of peak demand will affect both the impoundment levels and
downstream flow.

If reaches of a scenic or recreational river are flooded by the creation of a
new or enlarged impoundment, no ameliorating mea' -.. possible.
Downstream impacts can be mitigated through the sc ing of flow
releases to provide adequate depth and velocity for recreati rnal uses, and
the scheduling of them to coincide with periods of greatest demand.
Portages and other access facilities can be used to mitigate the degree to
which dams hinder passage. Such facilities can also lessen the effects of
diversion of stream flow, provided the distance over which canoes or
kayaks must be transported is not excessive.

M
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Chapter IV: Analysis of the Potential for
Conflict between Hydropower
and Selected Competing Uses

Introduction The previous chapter reviewed the various ways in which hydropower
development may conflict with other uses of rivers. Two competing use
issues have been the subject of a more in-depth, regional analysis: con-
flicts with anadromous and fresh water fisheries, and conflits with
protection of recreational and scenic river segments. These issues were
selected for detailed analysis for the following reasons:

* Conflicts with fisheries or recreational uses may occur at almost any
type of hydro installation, if the facility is located on a river reach
significant for its use as a fishery or recreational resource.

e Fishery, recreation, and scenic river resources are widely recognized as
regionally significant resources. They are utilized by people trom a
geographic area much broader than the immediate area in which they
are located.

• Large sums of public and private money have been invested in the
clean up of polluted rivers and in the restoration and management of
fisheries.

- Considerable controversy has developed in New England during the
last year with respect to minimum flow requirements for the protec-
tion of fishery resources at a few specific sites, and the extent to which
similar conflicts may occur throughout the region is unknown.

* Collection and mapping of data pertinent to these issues would help
facilitate the avoidance of conflict by project developers, and would
help both regulators and developers to identify the need tor conflict
mitigation measures in advance of project design and the preparation
and review of license applications.

Other issues, such as the negative impacts of lake level fluctuation on
shoreline uses are more localized in nature. Although they are of maior
importance to decisions that will be made on specific sites, it was not
possible to analyze either the potential for their occurencc or their
significance within the scope of this regional study.

In the following sections, programs relevant to each of the two selected
competing use issues are discussed to provide some background on prior
and current efforts to manage the resources involved. The location of
resources relevant to the issues have been mapped at a scale of 1:500,000
on the set of maps accom- panying this report. The approach by which
these resources were identified and a brief discussion of their signifi-
cance is also presented to provide some perspective for considering their
value relative to proposals for the development of hydropower. The
potential for conflict with hydropower development is also discussed.
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Anadromous Background
Fisheries Atlantic salmon and Amcrican shad incc t igurud pri mi unlv itt\j
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The passage of the Anadromous Fish Conservation Act of 1965 (PL
89-304) provided federal funds for conserving, developing and enhancing
anadromous fisheries. These funds are distributed through the U.S. Fish
and Wildlife Service and the National Marine Fisheries Service. This
money has been used to support research, management, and restoration
programs for commercial and recreational species such as Atlantic sal-
mon, alewives, rainbow smelt, blueback herring, shortnose and Atlantic
sturgeon, and striped bass.

Restoration of Atlantic salmon in New England has focused on two
major interstate river basins, the Connecticut and Merrimack, and on
the Penobscot River in Maine. In addition, several Maine coastal rivers,
most of which are east of the Penobscot River, have continued to support
runs of salmon over the years.

A cooperative state-federal program for the management of fisheries
exists on the Connecticut and Merrimack Rivers. Strategic Plans for the
restoration of the Atlantic salmon have been prepared for both rivers.
These plans outline the restoration goals adopted by the cooperating
agencies. Each of the Strategic Plans is designed to be followed by a more
detailed Operational Plan which sets timetables and identifies the pro-
cesses and the resources necessary to implement the Strategic Plan. The
Merrimack Basin Operational Plan has been completed; the Connecti-
cut River Basin Operational Plan is in draft form.

As a part of this process, the Policy and Technical Committees for
Anadromous Fishery Management of the Merrimack basin released in
early 1981 a Fish Passage Action Plan addressing questions regarding the
upstream passage of fish for the 25-year period from 1981-2005. The plan
presents a schedule for construction of facilities for upstream passage at
existing dams. The schedule is subject to revision based on the rate of
program development during the 25-year period. It calls for construction
of facilities at seven existing mainstem dams and twelve dams located
on five different tributaries. Passage requirements will receive further
consideration at two additional mainstem dams. The plan defers consid-
eration of fish passage facilities at more than 61 existing dams on tribu-
taries until the year 2005.

The Fish Passage Action Plan does not address passage require-
ments for resident, non-anadromous species, nor does it address flow
requirements that might be needed to sustain anadromous fish or other
aquatic resources. It deals only with the problem of providing passage
upstream for anadromous fish. A similar plan for the Connecticut River
is currently under development.

The Strategic and Operational plans address Atlantic salmon only, while
the fish passage plans do not mention species. However, in the Merri-
mack and Connecticut Rivers, the salmon and shad restoration pro-
grams are integrally connected because areas opened for salmon also
become accessible for shad migration.
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The Atlantic Sea Run Salmon Commission is the state agency principal-
ly responsible for salmon restoration in Maine. A management plan for
the Penobscot River is under development, as are plans for other coastal
rivers which currently support salmon runs.

In Rhode Island, shad restoration efforts have focused on the Pawcatuck
River. Salmon smolt also are now being released in that basin. Restora-
tion efforts have included dam removal and installation of two fish
ladders which now allow adults to migrate 32 miles inland.

Planning for the management of other species in the rivers of New
England is not as advanced; rivers which offer the greatest potential for
succesful restoration have not been identified.

In addition to publicly funded programs to restore anadromous fisheries,
substantial amounts of private funds have been invested in the restora-
tion of these species. Most of this investment has involved construction
of fish passage facilities. On the Connecticut River, for example, utilities
operating hydropower dams have constructed or will be constructing
fishways at the stations listed in Table 4-1 at a total cost of over 40
million dollars:

Table 4-1: Connecticut River Fish Passage Facilities at Hydropower Dams

Station Utility Passage Capital Completion
Facilities Cost Date

Holyoke' Northeast 2 elevators $ 1.9 million 1975
Utilities

Turner's Northeast 3 fish $12.0 million 1980
Falls 2  Utilities ladders

Vernon New England 1 fish $10.5 million 1981
Electric ladder
System

Bellow's New England I fish $6-10 million start con-
Falls- Electric ladder struction 1982

System .onpletion 1984

Wilder' New England I fish $6-10 million start con-
Electric ladder struction 1984
System completion 1986

Source: Northeast Utilities and New England Electric System

The facility as it currently exists became operational in 1975. Fish pa,;sage has been a

concern since the station began operation in 1950. Fish first passed the station in 19S5
$1.4 million of the total cost was spent in the mid 1970's on the current tactlitv.

2 While fish passage facilities were constructed, the station was shut down tor several
months. An additional cost of $2 million for lost energy is estimated to have been
incurred by Northeast Utilities.
The protect at Bellows Falls will not be put out to bid until lanuary, 1982. Theretore
capital costs are early estimates. Design of the facility at Wilder is not yet complete.
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In providing fish passage, the utilities also forgo some power generation
by providing flow down the fishways which otherwise might be passed
through the turbines. Passage around the stations will all(,",, migrating
adults to reach upstream tributaries suitable for spawning.

Location of Anadromous Fisheries

With the cooperation ot the relevant tederal and state agencies, NERBC
has mapped anadromous fisheries throughout the regimn at a scale (A
1:500,000 sec maps accompanying this repo!!. Four categories ot runs
for anadromous fish are indicated on the maps irrespective ot the speces
which would use the runs:

Existing runs: These are segnents Currentilv acce.ssible to returning
adult fish. These runs are sustained through natural reproduction, a
combination of natural reproduction and hatchery production, or
through the transport of adult fish trom other watersheds. Some ot the
runs augmented with either hatchery produced fish olr transported
adults are expected to become self-supporting in the near fUture; other
runs will continue to require supplemcntation with hatchery stocks
or brood fish from other rivers.

SRinis currentlv under active restoration. These are segnents where
stocking or provision of fish passage tacilitics are now underway, but
where adult returns have not yet been achieved. Depending on the
species, it may take several years before stocked juvenile tish return
from the sea as adults.

" Run,s proposed for tutir, rst( )ratlion. These arc segments in Connec-
ticut only) which are targeted tor restoration at some point ill the
future when agency resources can be made available for projects other
than those currently underway. When these projects will begin is
uncertain.

" IPotentta runrs with llte''',J]' hhltat: These are segments where
access to upstream habitat is currently blocked and which are a lesser
priority tor restoration.

There is a high probability that fish passage facilities will be required in
the near future at hydropower sites located on existing runs or runs
currently under active restoration. Hydropower installations proposed
on segments which fall into either of the other two categories may be
required to have passage facilities at some future point in time. Hydro-
power installations not located on any of these segments arc unlikely to
need fish passage facilities.

Some of the reaches within segments designated as "Potential uns with
inaccessible habitat" may he utilized for anadromous fish restoration
without the requirement for fish passage facilities. This would occur it
an area were used to raise smolts from hatchery produced try without the
expectation that access would he available to returning adults.
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Significance of Anadromous Fisheries to the Region

Atlantic Salmon. The Penobscot River in Maine, from which Atlantic
salmon were almost totally eliminated, is the most important river for
the species and supported a run of more tha; 3200 fish in 1980. A
recreational catch of 837 fish was reported. Other Maine rivers support-
ing recreational fisheries include the Union, Narraguagus, Dennys,
Machias, East Machias, Pleasant, Ducktrap, Kennebec, Presumpscot,
and Sheepscot. These rivers supported Atlantic salmon runs totalling
several thousand fish and known recreational catches of 515 fish.

Following the Penobscot in importance for Atlantic salmon are the
Connecticut and Merrimack Rivers. Restoration efforts in the Connecti-
cut River yielded 175 returning fish in 1980. Due to a lack of fish trapping
facilities it is not known how many adult salmon returned to the Merri-
mack River. The goals of the restoration efforts on the Connecticut and
Merrimack Rivers are to insure annual returns of 6,000 and 3,000 fish in
the respective rivers, and to insure sport fishing catches of 2,000 salmon
in the Connecticut River and 1,000 fish in the Merrimack River.

Although the numbers presented above may at first glance appear to be
low, they represent a substantial achievement. Since the endemic
strains of Atlantic salmon had been eliminated or drastically reduced, it
was necessary to create new strains of the species suitable for each of the
rivers.

American Shad. The American shad is an important anadromous fish for
both commercial and sport purposes. The Connecticut River is the most
important river for this species and is estimated by the Connecticut
Department of Environmental Protection to support a population of
about 522,000 fish. A commercial catch of 72,591 shad was reported in
1980.

The sport catch at the Enfield Dam, the most important recreational
fishing site, was approximately 2,000 fish. Important sport fishing areas
for shad are developing in other New England Rivers such as below the
Lawrence Dam on the Merrimack, and on the Pawcatuck in Rhode
Island. Such fishing areas are frequently found in association with dams
which, by restricting passage, concentrate the fish. A limited shad
fishery exists on the Narraguagus River in Maine.

Alewife. Alewives are an important commercial species and are har-
vested primarily for use as lobster bait (each pound of lobster caught in
Maine requires roughly three pounds of alewife). The Maine Department
of Marine Resources has estimated that the alewife resource could yield
20 to 30 million pounds of bait annually if managed intensively.

Sturgeon. The American sturgeon is a large bony fish which can reach 12
feet in length and can weigh approximately 190 pounds, although it more
commonly reaches a size of only 7-1/2 feet in length. There is some
limited commercial interest in this species in New England. A second

- , I'
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Table 4-2: Commercial Landings of Anadromous Fish - 1976

Maine New Hampjhirc Masjahustt,

Thousand Thousand Thousand Thousand lhousand Thousand
pounds dollars pounds dollar pounds dollar,

Alewives 3,395 112 - - 45 2
Shad 15 1 2 0.5 - -
Smelt 80 2S 2 - 9.0 - -
White Perch - - - - 26 1.3

TOTAL VALUE 141 9. 1,

Rhode Island konllccticut 10 I AL

Thousand ThOusand ThoUSald _husand Thousand Thouand
poulIlds dollars pounds dollar, pounds dollar,

Alewives 34 2 6' 3 3741 119
Shad 3 1 392 164 412 166
Smelt - - - - 10
White Perch 9 3 24 9 9

TOTAL VALUE 5 1V'6 .47

NOAA, NMFS Fi~hcrv NtatitLcs ()t t I lIrtd , I,)'(, October 1 9) (

species of sturgeon, the shortnose sturgeon is known to occur in a
number of New England rivers, including the lower Kennebec, Connec-
ticut and Piscataqua rivers. Smaller than the American sturgeon, the
shortnose sturgeon is or. the Federal Endangered Species List. Efforts are
being made by the National Marine Fisheries Service to document its
occurrence and population levels. Hydropower developments, particu-
larly those located on the lower mainstems f New England rivers are
more likely to affect the habitats of the shortnose sturgeon than those of
any of the other endangered species ii. New England.

White Perch. A small fish, approximately two pounds in weight, the
white perch is related to the striped bass. It is more common in southern
New England, where it occurs in sufficient numbers to support a com-
mercial and recreational fishery.

The economic value of commercial and recreational fishing is difficult to
assess. For some commercial species, numbers or pounds of fish landed
and their off-vessel market value are published by state and county.
Table 4-2 shows reported commercial landings and values for four anad-
romous species in 1976, the latest year for which figures are uniformily
available for all states.

In the years 1939 - 1980, totals of 97,861,406 pounds of alewives,
7,805,237 pounds of smelt, and 3,450,867 pounds of shad were landed in
the state of Maine, alone.
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The value of sport fishing is not easily quantified, although several
procedures for analysis can be employed. The most common method is
to assess the total amount of money which the fisherman pays in order to
fish. Estimates made by using such a procedure have put the value of
sport fishing for shad in the Connecticut River at $14 million. These
estimates do not account for the non-monetary value of fishing nor for
multiplier effects as the money spent moves through the economy.

Potential for Conflict

The greatest potential for conflict between hydropower and anadromous
fisheries exists on those river segments which have existing runs and
runs under restoration. On these runs, conflicts arise over stream flow
and free passage, both of which are needed by the fish but can be re-
stricted by hydropower facilities. The potential for conflict is generally
more severe at breached dams and undeveloped sites.

Some potential for conflict may exist at sites on river segments which
could serve as habitats for anadromous fish, but which are currently
inaccessible. If fishery agencies seek to reestablish runs on these seg-
ments of rivers, questions regarding freedom of passage and amount of
flow will arise. However, some of these inaccessible areas may be uti-
lized for the production of smolt (young salmon ready to migrate to the
seal from releases of hatchery raised fry (iuvenile salmon). These smolt
will migrate downstream to mature at sea. As returning adults, they will
augment the sport fishing harvest or provide eggs for hatchery opera-
tions, and they will not be expected to return to the streams into which
they were released. In such cases, upstream passage would not be re-
quired and the conflict would be reduced to a question of minimum
flows necessary to maintain the habitats of the smolt and to facilitate
passage of the smolt downstream.

The following analysis of the potential for conflict considers only those
dams located on river segments which have been identified as having
some level of importance for anadromous fisheries. Dams and dam sites
located upstream of these segments have the potential for causing con-
flict, depending upon the degree to which their alteration of flow affects
important segments downstream.

In New England, 103 of 364 existing, breached, and new dam sites listed
in Tables 2-2 and 2-3 are located on existing runs or runs under restora-
tion (see Table 4-3). These hydro sites account for 248 Mw of potentially
developable capacity. Hydropower facilities located at these sites would
generate 42% of the energy potentially available from hydropower in the
region.
Sites for 156 hydropower facilities with a combined capacity of 203 Mw
and an annual energy of 1,241,914 Mwh are located on river segments
that have not been identified as being of interest for the restoration of
anadromous fish. The energy which could be generated at these sites
represents 35% of the energy potentially available from hydropower.
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A total of 259 sites with a combined capacity of 327 Mw 3nd an annual
energy of 2,057,107 Mwh appear to pose either no conflict or no immedi-
ate conflict with anadromous fish restoration. These sites account for
almost 60% of the total energy potentially available from hydropower
development.

Fresh Water Background
Fisheries Fresh water fisheries are managed primarily by state fish and wildlite

agencies under the authority of state laws, with some support troin the
U.S. Fish and Wildlife Service. Management objectives vary by species.

Throughout most of New England, the supply ot warm water fisheries
exceeds the demand for them by fresh water anglers. Since, in contrast,
there is a substantial shortage of cold water fisheries, fishery manage-
ment focuses on cold water species.

The primary management activity is the stocking of fish, especially
trout, without which many of New England's rivers could not sustain
current fishing pressure. Most stocking programs occur on those rivers
which have remained free-flowing, because most dammed segments
have been rendered unsuitable as the resu!t of changes in temperature or
flow regimes.

While stocking is vitally important to the cold water fisheries in the
region, some streams do support significant natural populations with
only supplemental stocking. These streams with self-supporting popula-
tions are very important because highly prized "trophy fish" are possible
only where fish can survive for several years.

Leisurely fishmg in Vermnnt. Photo: Bohb SahltmIn,
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Perhaps the most unique cold water fishery resources in New England
are those trout streams that although they are not stocked at all contain
significant populations of large, wild fish and are legendary to most
fishermen. An example is the famed Battenkill in Vermont.

Location of Significant Cold water Fisheries

In recognition of the shortage of cold water sport fisheries, the potential
for adverse effects on cold water species caused by hydropower develop-
ment, and the relatively slack demand for warm water fishing areas,
NERBC elected to map only significant cold water fisheries on the
1:500,000 scale maps (see the maps accompanying this document).

The river segments depicted as important cold water fisheries on these
maps were identified through the cooperation of the state chapters of
Trout Unlimited, Inc., the largest sport fishing group in New England.
The cold water fisheries indicated on the maps are considered to be of
higher than average value, and include stocked areas as well as those in
which fishery populations are sustained through natural reproduction. It
should be emphasized that these segments are only those considered to
be most significant by knowledgeable experts, and that trout fisheries in
many other river reaches not shown on the maps may be considered
important by state agencies and sportsmen alike. Thus, conflicts be-
tween hydropower facilities and cold water fisheries could arise on
segments not indicated on the maps.

Significance of Fresh Water Fisheries

Fresh water fishing is an extremely popular activity in New England and
is very important to the tourist sector of the economy. The total number
of licenses sold to fishermen in 1980 exceeded 1,000,000 and revenues
from license fees paid to the states amounted to more than $7.6 million.
Table 4-4 lists specific figures for each state.

Interest and investment in fishing is perennial. Studies of resident
license holders in Maine reveal an average of 28 years of fishing experi-
ence. This indicates that there is a significant and long term commit-
ment on the part of most fishermen to this form of recreational activity
and that substantial amounts of money are spent annually in pursuit of
it.

In several New England states, studies have been conducted to deter-
mine the fishing preferences of license holders and the amount of money
license holders spent on fishing. Hunting and Fishing in New Hamp-
shire, 1978 indicated that nearly 80% of resident holders of fishing
licenses fish for trout in streams. Table 4-5 shows resident and nonresi-
dent fishing activity in New Hampshire. The results of a similar study in
Vermont are indicated in Table 4-6. While such information is not
available for the remaining New England states, it is assumed that the
level of participation is comparable.
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Table 4-4: Sales of Fishing Licenses, 1980'

ME NH VT MA Cl RI I1 AL

Resident

Combinationi 83,469 42,S,2 ii92 ;3,83; 62,Z 7,884 3(02,45 7

Revenue' $ 667,732 306,606 18,;,927 433,349 1()8.7)3 37,449 1,7,39,80(

Fishing 90,79 52,487 -2,837 110,096 13 )(039 24,139 465,176

Revenue $ 815,202 459,261 211,348 1,131,123 675,195 156,903 3,449,032

TOTAL 174,047 93,,339 105,129 163,929 197,166 32,023 767,633
Revenue $1,482,954 765,867 397,275 1,564,472 783,918 194,3;52 ,1 88,S38

Non-Resident

Season 9,319 14,117 18,358 3,734 2,092 1,386 49,206
Revenue $ 28S,3,70 289,399 224,886 61,479 35,-64 14,553. 910,451

3-day fishing 33,273 16,801 24,353 682 7()4 75,,8131

Revenue $ 299,457 121,807 115,677 5,45 6 2,464 544,861

7-day fishing 18,669 7,279 1,914 27,862
Revenue $ 317,373 76,430 16,35,,9 410,362

15-day fishing 8,080 2,102 7,893 18,0' 7

Revenue $ 161,600 32,581 69,081 263,262

TOTAL 69,3 41 40,299 50,606 5,648 2,774 2,090 170,938
Revenue $1,064,000 520,217 409,644 77,038 41,020 17,017 2,128,936

Miscellaneous

Other 11,199 672 5,501 16,787 3,643 17,802
Revenue $ 88,817 3,012 74,197 117,640 7,286 292,9712

Free Licenses 9,175 2,077 20,135 3,861 671 .7,919

TOTAL 2(1,374 2,749 5,s01 36,922 9,504 671 -7:%,7)I

Revenue $ 88,817 5,012 74,197 117,64(1 7,286 292,952

GRAND TOTAL 263,962 138,387 161,236 206,499 21)9,444 34,7 ,4 1,014,3 12
Revenue $2,633,771 1,291,096 881,116 1,759,150 832,224 221,369 7,60,726

I Some states opcrate on a fiscal year and some on a calendar year.
2 Both Hunting and Fishing.
3 Revenue is for fishing portion only and is apportuoned using the ratto between price of

hshing and hunting licenses.
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Table 4-5: New Hampshire Fishing Activity, 1978

Resident Fishing Resident C nihiation Non R-sident I) I AL

Report- Projectcd # Report- Projcctcd # ' Report- Projected , Prolcetcd
ing Parti- of Partici- ing Parti- ot Partici- ing Parti- ot Partici- ot Partici-

ACTIVITY cipation pants cipation pants cipatiton pants pants

Trout 79.23 34,281 85.91 34,8S;2 66.44 25,674 94,80 "

fishing
(streams
Trout 37.18 16,087 - - 30.80 11,902 27,989

fishing
Ilakes)
Salmon 21.03 9,099 23.13 9,383 19.03 7,,135)4 2:,836
fishing
(land-
locked)

Warm 46.15 19,968 48.35 19,615 42.56 16,446 5,6,029
water
fishing

Dcrivcd trom Tlablcs .;-A, ,-C,,A-E ot hturio g Fi'huuing ii Nw fanipshire, prepared by
George M. Rcd and Carol l'crsturtt tor the New Hampshire Fish and Came Departnent;
Concord, NH, 197,S.

Table 4-6: Vermont Fishing Activity, 1975

Resident Non-Rcsident I FUTAL

Number Average Projcct,:d Number Average Projected Iotal Projccted
ott Parti- Number Tota! 4 of Parti- Number Total # Number ot Total #

ACTIVITY cipants of Days of Days icipants ot Days ot )avs Participants ot Days

Pond 68,355 12.4 847,602 32,226 9.6 j309,,j7() 100,581 1,156,972
Stream 64,280 16.6 1,067,048 32,425 9.8 317,765 96,705, 1,34,813

TOTAL - - 1,914,6501 - - 62 7, I.;i - 2,541,785

)erived frorn Alphonse Ciihcrt, Hnthing atd Ftshng F xp 'tlrt Ntt,,v. Vermont
Agricultural Experineit Station, Univcrsitv ot Vermont. 1-)76.
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Both the New Hampshire and Vermont studies calculated the value of
fishing to the state economy based upon the amount of money spent on
fishing by license holders. The total amount spent in Vermont in 1975
was estimated at $46,179,663. and in New Hampshire in 1978 was
estimated at $75,034,900. Tables 4-7 and 4-8 provide a breakdown of
these figures.

Table 4-7: Projected Expenditures by Fishermen in Vermont, 1975

ACTIVITY Resident Non-Resident Total
(Thousand $) (Thousand s) {Thousand $)

Stream Fishing 9,618.12 8,623.01 18,241.13
Lake and

Pond Fishing 14,733.92 13,204.67 27,938.59

TOTAL 24,352.04 21,827.68 46,179.72

Source: Alphonse Gilbert, Hunting and Fishing Expenditures Study, Vermont Agri-
cultural Experiment Station, University of Vermont, 1976.

Table 4-8: Projected Expenditures by Fishermen in New Hampshire, 1975
ACTIVITY Resident Non-Resident Total

(Thousand $ (Thousand $1 (Thousand $)

Trout Fishing 26,712.7 14,951.8 41,664.5
Salmon Fishing 4,975.9 3,737.9 8,713.8
Lake Trout

Fishing 4,975.9 3,737.9 8,713.8
Warm Water

Fishing 9,428.0 31,942.4 18,942.8

TOTAL 46,092.5 54,370.0 78,034.9

Source: George M. Reed and Carol Pierstorff, Hunting and Fishing in New Hampshire.
prepared for the New Hampshire Fish and Game Department, Concord, NH, 1978.

Potential for Conflict

Hydropower facilities can restrict flow and destroy habitat and, to a
lesser extent, can hinder seasonal migration. Due to the greater environ-
mental changes that accompany repair of breached dams or the construc-
tion of new dams, conflict is more severe when sites in these categories
are developed. It is important to note that cold water fisheries are in great
demand, and that given this demand, any river containing cold water
species has some importance and hence, some level of conflict is possible
if hydropower facilities are developed.
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In New England 106 sites with a potential combined capacity of 212 Mw
and a total annual energy of 1,300,946 Mwh are located on segments
identified as supporting highly-valued cold water fisheries (see Table
4-9). These sites would account for 36% of the total energy potentially
available in the 6 states. In New England, 25% of the existing sites, 32%
of the breached sites, and 52% of the new sites may conflict with
significant cold water fishery resources identified by this study.

Table 4-9: Potential Conflict between Hydropower Facilities and Significant Cold Water Fisheries

Existing )ams Breached Danm New Sitc

Annual Annual Annual
Number Capacity Energy Number Capacity Energy Number Capacity Energy
of Sites jMW) jMwhl ot Sites jMw Mwhl ot Sites lMw Mwhl

CT 9 7.3 44,953 1 1 .5 9,106 2 8.2 50,405
ME 16 19.8 118,182 6 11 7  13,;,27, 13 80.6 494,337
MA 12 .5.9 36,0931 1 0.4 2,269 1 4.2 2.i,687
NH 22 18.2 111,333 .3 3.8 23;,069 2 18.9 1 15,772
RI 4 0.5 3,31 - - - - -

VT 8 11.0 67,464 1 0.3 1,766 5 10.4 63,926
New Eng. 71 62.7 381,3361 12 27. 7  169,483 23 122.3 750,127

Total Conflict with Total Potential Hvdropowcr

Maior CW Fisheries Output In State

Annual Annual
Number Capacity Energy Number Capacity Energy
of Sites (Mw) jMwh) ot Sites jMw) Mwh)

CT 12 17.0 104,464 39 37.1 227,730

ME 35 122.1 74i,792 109 31)..1 1,931,898
MA 14 10..1 64,049 5 . 57.S 5,i4,705
NH 27 4(.9 250, 1741 96 122.7 "2,623

RI 4 0.5 3',,3;11! 22 10.1 62,191
VT 14 21.7 133,1596, 4.3 41.4 25.1993 Note Capacity was esti

marted on the basis iil a 70'
New Eng. 106 212.7 1,30(0 9461 364 584.2 3,83140 plant tactor.

Plant.................................. ...........
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One hundred and forty-four other river segments in New England have
also been identified on an inventory prepared by the Heritage Conserva-
tion and Recreation Service as potential candidates for national designa-
tion because of their high scenic or recreational value. Under a directive
issued by President Carter in 1979, all federal agencies were directed to
review any federal actions (e.g., the issuance of a license) affecting pro-
posed projects on these segments to insure that any possible adverse
effects that such proiects might have on scenic and recreational values
were avoided or mitigated. With the recent change in administration and
a shifting of HCRS program responsibilities to the National Park Service,
the status of this directive is unclear. However, the inventory made by
HCRS has served to draw attention to the most important scenic and
recreational river segments in the region.

The Massachusetts Scenic and Recreational River Act MGL Ch. 21, s.
17b) grants the Commissioner of the Department of Environmental
Management the authority to issue orders designed to protect the en-
vironmental and scenic integrity of the outstanding river resources of
the Commonwealth. The state has inventoried over 1,700 river miles
and has proposed 50 segments for inclusion in a statewide system of
scenic and recreational rivers. To date, only the North River Plymouth
Countyl and a few small streams on state land are protected under the
state program.

New Hampshire's Office of State Planning has inventoried its rivers for
significant wild, scenic, or recreational segments. In 1977, 7 wild, 29
scenic, and 31 recreational segments were identified and proposed for
further study. New Hampshire does not have a river protection statute at
this time.

There is no single statute or program which specifically protects white
water or flat water recreation opportunities. Section 10 of the Federal
Power Act recognizes the need to balance the public interest in the
nation's waterways among several uses, including recreation. There is a
substantial precedent for compliance with this statute as administered
by the FERC. The Seventh U.S. Circuit Court, for example, in the case ot
Namekagon Hydro Company vs. F. 1P. C. (216 F.2d 509), upheld the FPC's
decision to deny a license on the grounds that the unique recreational
features of the river were of greater public benefit than construction ot a
power dam. In the case of Udall vs FPC J387 U.S. 428, 19671 the Supreme
Court advised FERC to consider all relevant issues related to the public
use of a waterway. The Court also directed FERC to consider all alterna-
tives including the "no-build" alternative and whether the waterway
would be of more benefit to the public it it remained wild, scenic,
available for fishing and/or available for recreation.
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Location and Significance of River Segments of Scenic and
Recreational Value

River segments of high scenic or recreational value have been indicated
on the NERBC 1:500,000 scale maps Isee maps accompanying this re-
port). Segments are classified as follows:

* Segments of high aesthetic, historic, geologic or ecological value:
These are river reaches which have unique or outstanding features of
one or more of the four types.

- White water recreation segments: These are river reaches which cur-
rently have sufficient flow, gradient, and bed conditions to provide
opportunities for white water canoeing, kayaking or rafting. These
reaches are rated on a scale ranging from "easy" (2) to "very difficult"
(5).

- Flat water canoeing segments: These are river reaches used for long
distance canoe trips.

Scenic and recreation values are often intangible and are not easily
quantified or assessed. The segments mapped by NERBC were identified
through a process in which constituency groups were asked to evaluate
the 144 scenic segments listed in the inventory prepared by HCRS and
100 recreational segments compiled by NERBC.

In compiling its inventory, HCRS specified that qualifying segments
must be:

• at least 5 miles in length;
• free-flowing and not significantly altered by channelization or con-

struction of dikes, levees, dams or other structures;
* largely undeveloped, with shorelines or watersheds in essentially

primitive condition, except for dispersed small communities, clus-
tered residential development or agricultural land uses; and

* within or adjacent to an area that contains resources of "outstandingly
remarkable" value, including geological, ecological, cultural, historic,
scenic, botanical or recreational features.

Free tlowig, scctuc river ,cgincnl Photo Bh ',,hb,itm
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The NERI3C listing of recreational segments wvas compiled using publ-
lishecd guides of white water and flat water rivecrs r~ce Appendix D1.Y The
guides were comprehensive inl their listing )it r, r,, but provided no
indication (it the extent Of use ot a river or iitiorniation w~hich
Would reveal the importance ot the river for recr1ui 1nlpursCS. These

two lists were then distributed to releJ(vant state agen)CIese nlvIronmnrtal
organizations, commeircial riveLr guide services, and organized boating
groups for their commnents. Respondents wetre asked to idenitity, those
segments of highecst scenic and or recreaitional va1lue, to provide c irn-
merits supporting the preservation of thecse. segmnlts InI theirprsn
form, and to provide an\y otlher pertinent data) such as, the exten1 t ouse (I
information regarding flow%%.

The result of this process is a refined list of the 54 scenic and recreational
river segments generally considered to be the most highly valued seg-
ments in the region* All segments onl this list received support from at
least four of the following sources:

" State river program inventories
* Statewide environnmental organizations
" Significant local protection interest
" Regional recreation or environmental organizations
" Recreational experts
* Organized boating interests
" Commercial outfitters

These 54 segments total about 1,500 miles in length, as compared to the
3,500 miles of rivers listed in the original HCRS Inventory. They' repre-
sent less than 25% of the total miles of mainstcm rivers and tributaries
in New England. As shown in Table 4-10, over (one-third of this 1,500
miles of scenic segments is located in Maine, with over one-half the
remainder located in Vermont and New Hampshire.

Table 4-10: Distribution of Scenic and Recreational River Segments

# Miles of * Miles ill D itticultv of White water Secgnits
Scenic 'White water

STATE Segments Segments Class 2 Class Class 4 Class

CT 15 9. 25 31.00o 2()5 91)i1) -

M E 642.50 l00.00( 60.50 2.1.25 II1 00 6 1K

MA 180).70 7..() 21I.85 42 61 9( -51

NH 221.95 115.00 29 '5 A6 0(0 29 201 -

RI 39.S(1 .50o Z10

VT 21)2.00 20(X) 16 .1 A 25 -

Inter-
State 37.(X) - - -

TOTAL 1482.50 .34 1.50) 14985 114,10 48 7fl .0

Appendix 1) pro~vides information on each segment identified in the eva: atit.n oi
scenic/recreational rivers as well as a listingt 01cnsultuencv groups participating in thet
assessment. Where available or applicable, information is provided on the signiticant
features of each stretch, including ihe quiantitv oitfilow needed for white water recrea
tion, and other comments relative to the uniqueneiss ort regional significanc (it the

stretch
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White water segments, which in many cases coincide with scenic seg-
ments, total less than 350 miles, or less than 5% of the region's total
miles of streams. These relatively scarce segments arc located primarily
in New Hampshire and Maine, and on tributaries of the Connecticut
River in Massachusetts.

Class 4 and waters, the most challenging and ditticult, arc extremely
scarc - only 6 miles ot Clas, witc water locatcd on the Kennebec
and West Branch ot the Penobscot Rivcr in Mainc exist in Ncw England.

Ideally, the significance of these river segments should be measured not
only by their uniqueness or scarcity, but by the extent to which they, are
used by recreationists, and by the importance of these recreational activ-
ities to state and local economies. However, data on the recreational use
of rivers is very limited, and participation in recreational activities is as
much a function of availability of access to rivers as it is a function of the
demand for such activities. Predicting future recreational demand and
usage is perhaps as precise as predicting future energy demand.

What is clear, however, is that with the success of pollution abatement
efforts and increases in available leisure time, interest in recreationa'
river activities is steadily increasing. As an example, whereas only two
companies were manufacturing canoes in the region ten years ago, there
are now twelve. Two of these companies, Old Town Canoe Company
and Mad River Canoe Company report sales increases of 25% in the last
two years. As a second example, it is estimated that over 12,000 people
will enjoy white water rafting in the Kennebec Gorge and on the West
Branch of the Penobscot River in 1981, at a per capita cost of $50 - $70.

Potential for Conflict with Hydropower

To identify the extent to which hydropower development mighit .om-

pete with either recreational river use or protection ot scenic values, the
locations of potential hydro listed in Tables 2-2 and 2-3 were compared
with the scenic and recreational river segments. The results ot this
comparison are displayed in Table 4-11.

The potential for conflict between the development ot hvoropowcr at
existing damsi and the protection ot scenic and recreational river seg-
ments is minimal. Only 31 out of 320 existing dams shown on the maps,
are located on or immediately above scenic or recreational segmcnt, It
these sites are operated in a strictly run-ot-river mode, with little ot o
divCrsion ot stream tlow, there would be no contlict at all.

Tie potential tor conflict between new dain1 dCvClopnlct a1nd in .a! iC
nance ot scenic or recreational river sCglllCllts is much grater T welve ot
31 potential new sites in Maine, tor example would require tlhotidlri t
highly valued recreational or scenic segments. Ihe aggrcgatc eap.i( it \ (t
these potential sites exceeds 8(1 Mw at a 7()",, plant titi r 1iid 16) Nl\' It
the sites were developed at 40",, plant tactor.

L It
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Chapter V: Analysis of Potential Conflicts
at New Dams

Introduction Development of new hydropower darns has the potential to create more
severe environmental impacts and contlicts with compCtlng uses than
has the rehabilitation ot existing dams. There arc several reasons tor this:

" new dams will create impoundments which may innundatc existing
development, agricultural and forested lands, or habitat supporting
plant and wildlife populations;

* new dams may create obstacles to tish passage and to recreational use
of rivers;

" new dams may alter the itural or pro-existing tlow regime, and
thereby aitect both ip and downstream watcr uses.

As noted in Chapter 11, NERBC idcritiicd 44 new sites as potentially
feasible for hydropower development. Using infornation available irom
state and federal agencies, NERBC surveyed the 44 hydropower sites to
identity potential impacts on land use, endangered species, historic and
archeological sites, anadromous tish, and important recreational and
scenic river segments. The sites in Maine were also evaluated for their

potential to aftect state Critical Areas tor which a registry is maintained
by the State Planning Office and protection zones designated by the Land
Use Regulation Conmssion ILURC) In the unorganized townships.

Table --- 1 presents a summary ot the potential impacts at the 44 new dam
sites. This int(,rmation is provided as an overview ot potential conflicts
caused by new dam development. It can also be used by prospective

hydro developers and regulatory agencies as a guide to potential prob-
lems at any one site, although detailed field analysis is required to more
precisely assess the magnitude and significance of potential problems.
The most significant of these impacts are discussed below.

Impacts on Land Development of the 44 selected new dam sites would create impound-

Resources ments which collectively would inundate 12,520 acres of land (see Table
5-2). Development of the 31 sites in Maine also would inundate 10,495
acres or 84% of the total. Inundation of these lands would constitute an
irreversible commitment of finite productive resources, and in many
cases, the effects of such innundation could not be mitigated. The extent
of potential effects on various land-related resources is summarized
below.

Impacts on Productive Land Uses

Forested Land. Forests cover 31.5 million acres, or about threc-quartt ,-
of New England's land area. Over halt of the land which could he innun-

dated by the development of the currently developed sites is forested.
About 7,05 acres, comprising 0.02'%, of the region's forest lands, would
be innundated if all of the new dams were constructed. About 85% of

It/
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this total is located in Maine, and the remainder is located in Vermont
)7% 1, Connecticut (5%), New Hampshire 2%) , and Massachusetts {1%)
(see Table 5-2!. Innundation of forest lands would occur at 30 sites which
have an aggregate capacity of 179 Mw, or 66% of the total capacity of
undeveloped sites. Twenty three of these sites, comprising 51% of the
total capacity, are located in Maine. Over half of the total innundation of
forest land would occur at 8 of the largest sites in Maine, representing
22% of the total capacity at undeveloped sites.

Agricultural Land. About 9%Y. of the land which would be innundated by
new dams is agricultural land, primarily crop and pasture. A total of
1,165 acres of agricultural land would be inundated, representing about
0.04% of the region's 2.6 million acres of crop and pasture land. About
half of the affected agricultural land is located in Maine, 38% is in
Vermont, and 15% is in New Hampshire (see Table 5-2). Agricultural
land would be innundated at 13 of the 44 new hydropower sites, repre-
senting 56 Mw, or 20% of the combined new site capacity. Over 55% of
the innundated agricultural land occurs at just 3 sites representing 5% of
the total capacity at all new sites.

Mineral Extraction. Two sites, I in Connecticut and I in Vermont,
would innundate 45 acres of quarries or gravel pits. These 2 sites have a
combined capacity of 6.3 Mw, or 2% of the total capacity at all of the
potential new sites studied.

Impact on Wildlife Habitats

Wetlands. Wetlands are important wildlife habitats and also serve as
natural flood retention areas. Eight new hydropower sites, all in Maine,
would innundate a total of 3,635 acres of wetlands, representing 0.2% of
the fresh water wetlands in the state. These 8 sites have a combined
capacity of 54 Mw, or 20% of the undeveloped site capacity in New
England. Three of the sites, representing 5% of the total capacity, would
be responsible for 85% of the wetlands innundation. Six of the sites
would affect wetlands which are designated as protection subdistricts by
the Maine Land Use Regulation Commission (LURC}.

Endangered Species. Several of the undeveloped sites in Maine have the
greatest potential for affecting habitats important to endangered plants.
Fourteen known rare plant sites could be affected by 5 new dams with a
combined capacity of 31 Mw, or I 1% of the potential capacity of the sites
studied. Two of these sites are registered with the Maine Critical Areas
Program. In addition, 7 new dams could affect 14 possible sites of rare
plants. These 7 new dams have a capacity of 43 Mw, or 16% of the total.

* Capacities were estimated on the hasis of a 7(0,, plant factor. [)cvcloprneint ot the sites
at a lower plant factor would provide greater installed capacity. l)evclopment at a 40',
plant tactor, for example, would increase the capacity trom two to two and one halt
times that developed at a 70%, plant factor.

.. _ ..". .



Table 5-1: Potential Impacts at New Dam Sites
i Land LUes Habitat

Land i ndangred species sites
(.apacitv Gross Inun- Forested Agri- Mineral, %et- Animals Plants )er

Site Project Name Basin ,Mw)" Head dated ,Acresl culture l-xtract I lands I ards
\o. 1F:) 1Acres) jAcres) Acresl tAcres)

I 2 3 4 5 6 ' 8 9 10 11 12 I1 14 15

Maine

99004 S,.ven Islands St. John 74 3, 1000 37, 623

9900' Big Black Rcs St. john 2.1 25 840 340 -00

99022 Mile I Fish R. St john .3.2 23 35 36 1

99023 Masaruts St. John 3.) 33 1100 900 S1) I ,1) 4

99024 Washburn St. John ., 22 31)3 27 311)

99134 Pond Pitch Penobscot 2.9 31 183 183

99163 Bear Rapids Penobscot 4. ; 30 620 590 31

9911' Sourdnahunk Penobscot 12 2 33 400 400 BE PI

991 '2 Pockwockamus Penobscot 11.9 33 750 361) 191)
991 ' Gordon Falls Penobscot 4.3 21) iO 51)
9917> Stratton lnobscot 6.2 2

7  
7) 70

99179 Winn lenobscot 3.7 5 10 BE

99181) Mohawk Rapids Penobscot 5.4 7 60 BE

9918' Marsh Island Penobscot 7 .l 15 31 BE I

99191) Basin Mill Penobscot i.9 5 80 4

99200 Above Foxcrott Piscataquis 1.2 20 100 73 25 1

99207 Campbell Rips Piscataquis 4.2 20 200 131) 31)

99305 Above Indian Pond Kennebec 4.4 23 70 70

99.307 StCepsidC Kennebec 12.
7  5, 17( 1 170

99309 Grand Falls Kennebec 2.9 35 20251 210 182

99313 Poplar Falls Kennebec 15.4 120 341) 2910 31)

99314 The Forks Kennebec 4.9 13 85 1

99315 Carrying Place Kennebec 12.6 20 4731 473

99318 Above N. Anson Kennebec 6.5 1n 625 325 310

99,319 South Madison Kennebec 6.4 13 202

99350 Above Phillips Sandy 7 30 2S -

99452 U. Umbagog Lake Androscoggin 3.5 40 11)0 1010

99454 Philbrook Androscoggin 4.2 15 3110 1

99462 l)ixtield Androscoggin 4.9 13 73 75

99471 Donovan Rips Androscoggin 6.2 11 350) 17 2 123() I's

99-55 Steep Falls Saco 2.5 10 2

New Hampshire
90327 Woodsville Connecticut 1.7 27 31 11) 21

90985 Hart Island Connecticut 21.0 28 275f 123 11)

90986 Chase Island Connecticut 18.3 24 31oT
92706 Moores Falls Merrimack 17.1 35 1731 SS

Vermont
93351 johnson Lk. Champlain 1.1 23 311 30

94600 Lyndonville Connecticut 1.7 47 7() )0 20 l.
98380 Locust Creek Connecticut 1.7  39 211) 2110

98383 West Hartford Connecticut 3.6 33 411) 351) 61) I'F

99413 Williamsville Connecticut 2.2 37 13.i 45 71)

99850 Brattleboro Connecticut 1.7 2, 125 100 23 P;

Connecticut

99719 Kent Furnace Housatonic 4.6 41) 350 ,325 23

99722 Boardman Housatonic 3.6 23 90

Massachusetts
99854 Meadow I)eertield 4.2 41 73 75 IS

(omputrd t 7(' 1lint Factor -Too Small to Map BE Bald Lagle IJ P'ct'gott Illt 'n
,11 "htllo gtt .. I t g 'Oll
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Table 5-2: Land-Related Impacts of New Site Development

Land Uses Habitat: Edangcrcd Species

Nunbcr Capacity Land Forcsted Agric Mincral Wcthnd Plant, A;:tmais i)ccr
oit sitcs K,') hlndatcd Acres Acrcs Extract Acics Known PIoss KIIiWIn lotss Yards

ME 3 188',L 78 10,49 16,025 55) - '6'5 14 14 41 ,I

NH 4 58,179 53I 13 1-70 - - - - - p -

VT 6 12,09 980 495 445 20 . . . . . .

CT 2 S,220 440 325 - 25 - - - P -

MA 1 4,189 7 75 . ..- I - -

TOTAL 44 271,261 11,;2() 7'(); 1, 165 45, 3,635 14 14 5 3 ,

Cultural Rcsourccs Mailc
HistoriL Archcohogical Critical LURC

Known Pos', Knowii Puss Art2is Zoncs

ME 3 2 ' .3 14 29
NH I - 3 - -

VT U U U U -

CT U UJ UU U - 'In victintv ot procct arca

MA - P:P - -- Ptotcntial tor undctcrnincd nuhnbcr ot itcs
'1 a ra to ithcsc stares rina vai Ia hi at rin u

TOTAL 4 2 29 6 14 29 Oltt t loll

Endangered animals potentially affected by the new dams include the
peregrine falcon, the bald eagle, and the shortnose sturgeon. Five new
dam sites in Maine and Vermont are located near areas once used as
nesting sites by the peregrine falcon and which may be used in the
peregrine restoration program, although none of the dams would affect
existing peregrine falcon nesting sites. The 5 dams have an aggregate
capacity of 23 Mw, or 8% of the total. Three new dam sites in Maine arc
near active bald eagle nests. Two new dams in Maine could affect trees
used by bald eagles as perches in winter. These new dams have a capacity
of 39 Mw, or 14% of the total. Two sites, I in Massachusetts and 1 in
New Hampshire, may affect habitat of the shortnose sturgeon. These
sites represent 21 Mw, or 8% of the total capacity at new dams. In
addition to the sites listed above, 4 sites in New Hampshire and 2 in
Connecticut are located in areas with high potential to support en-
dangered species.

Deer Yards. Deer yards, used for food and cover in the winter, would be
affected by 3 new dams in Maine. 1 hese dams have a capacity of 20 Mw,
representing 7% of the total. All 3 deer yards arc part of LURC protection
subdistricts.

The above summary of potential impacts on habitats is based on in-
formation readily available from state and federal agencies. Actual im-
pacts on habitats are site specific and cannot be adequately assessed
without a thorough on-site survey.
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Historic and Archeological Resources

Historic and archeological sites are trequCt lv located in riL'r vallevs
Making them susceptible to innundation bv new dam devclnmlcnts
Four known historic sites would he atcted b ; new dams In New
Hampshire and Maine. One ot these sites is listed on the National
Register of Historic Landmarks and 2 others are eligible tor registration
The 3 dams have a capacity of .32 Mw, or 12" (it the total Ii addition,
areas which are likely to be considered with historlc sites could be
affected by 5 new dam developments i Maine and Massachusetts.

Twenty-nine known archeological sites, 2,S in Maine, ind I in NcI.
Hampshire, could be affected by II ot the new dams studied Ii thotse
states. Two of the sites are listed on the National Register, id I Is
eligible for listing. The 11 dams have a combined capacity ot -S Mvw
representing 28% of the total. Seven other areas with high potential tot
archeological sites could be affected by 7 new dams in Maine. New
Hampshire and Massachusetts.

The above summary is based on intormation available trom state agen-
cies. Many areas are not well surveyed, conscquentlv the full impact ,f
constructing any of the new dams cannot be dcterinCd without stUdics
of specific sites.

Maine State Resource Programs

There are two resource management programs in Maine w hich address
some of the resources discussed above. These arc the Critical Areas
Program and the Land Use Regulation Commission.1 he possible impact
of new hydropower development on resources managed by these pro-
grams is summarized below.

Critical Areas. Maine's Critical Areas Program has inventoried inipor-
tant biologic, geologic, and hydrologic features in the state. Three hun-
dred and thirty-six sites have been registered as critical areas. Fhc inven-
tory includes 185 botanical and zoological areas, some ot which are Sites
of endangered species. Also registered are 431 watertalls and I , gorges. In
addition, 40 white water rapids and .3 watertalls have been recomm ended
tor registration.

The construction ot dams at I of the undeveloped sites would atct
registered critical areas which include 2 watertalls ,nd 2 .re plant
habitats. These sites have a combined capact ot 22 Mw 2". e ple
total capacity ot the new sites studied and 12'' of the new site capacltv
in Maine. In addition, there arc nine areas which have the po tential to be
designated as critical areas; these Include X watert,ills and .3 r.apids. Thcse

9 areas could be attected by 9 hydro sites rcprcsenting 2-",, ot the
aggregate new site capacity and one-third ot tlhc capacity in Mlaine. ()nte

gorge (Ripogenulki, which has been nominated tot critical area registra-
lion, would be attected by development ot an undeveloped site
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LURC Protection Subdistricts. Maine's Land Use Regulation Commis-
sion JLURC) has responsibility for regulating development in Maine's
unorganized territories, which comprise 10.5 million acres or roughly
one-half of the state's land. LURC has developed a comprehensive land
use plan which includes zoning regulations for use and development of
these lands. The zoning regulation includes a category for protected
resources such as wetlands, fish and wildlife areas, recreation areas, and
unusual areas.

Sixteen of Maine's 31 undeveloped sites fall within LURC's iurisdiction.
New dams at 12 of these sites would attect I or more ot the resource
protection zones mentioned above. At these 12 sites, S fish and wildlife
zones, 6 wetlands zones, 2 recreation protection zones, and I unusual
area zone would be affected. In addition, 6 proposed resource protection
or recreation protection zones might be affected. These 12 sites have a
combined capacity of 93 Mw, or one-third of the total capacity of the new
dams studied, and nearly one-half of the potential capacity in Maine.

Impacts on Water Anadromous Fisheries
Resources Anadromous fish runs could be affected at 26 of the 44 undeveloped sites

studied. These 26 sites have a capacity of 160 Mw representing 58% ot
the total capacity of the 44 sites. Existing runs and runs under restoration
could be affected by 19 new dams representing 48'i of the total capacity
of the 44 sites. These sites are distributed among the states as follows:

Number I'crecntagc ot I otal Capacltv
at Sit u. Capacity (Mw' (it Ncw ] )au1S SiUdiCLI

Mainc II 62 23',,
New Hampshire 4 3 21"
Vermont 4 9 3",

TOTAL 19 129 48"

Twelve of the anadronmous fish runs are existing runs; 7 are runs current-
ly under active restoration.

Fresh Water Fisheries

Important, cold water, fresh water tisheries could be attCctCd 1\ 21
undeveloped dams with a combined capacity ot If 2 Mw, representing
41% of the capacity at dams studied. These new daLm1s adilt their capaiI-
ties are distributed among the states as tollows:
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Number l'crcntagc ot I otal C. apact

ot Sites Capacity NIw) ot New )ans Studied

Maine 13 78 29",

New Hampshire 2 19 7-"

Vermont 10

Connecticut
Massachusetts 1 4 1P

TOTAL 21 112 41

Construction of dams at thirty-two of the 44 undeveloped sites could

have an impact on either fresh water or anadromnous tisherics.Thesc ,32
sites represent 208 Mw, or 77% of the total capacity ot the undeveloped
sites studied.

Scenic and Recreational Rivers

Nine scenic and recreational river segments could be aftected bv 1 new
dams representing 111 Mw, or 41%, of the total capacity ot the sites
studied. These dams and their capacities are distributed as tollows:

PcrcentagL Of I otal

Number of Number (if (dJpdLitv ot New-

Segments Dam Stes Capacity Mw 1)nam studied

Maine 6 12 93 ;4",.
Vermont 1 2 5

Connecticut 1 2 8

Massachusetts 1 1 4 2"

TOTAL 9 17 111 41%

Construction of dams at 14 of these 17 sites would affect segments with
both scenic and recreational values; construction of dams at 2 sites
would affect only scenic river segments, and construction o a dams at I
site would affect a recreational river segment.

The recreational river segments include both flat water and white water
The white water is classified according to difficulty, with Class V being
the most difficult. The distribution of the impacts ot the construction ot
new dams among flat water and white water segments is as follows:

Pc'etcagc of Tita)
Number ot Number ot Capacity ot New
Segments Dam Sites Capacity tMwi Dams Studied

Flatwater I 1 2%

Whitewater

Class If 2 .3 13 "%
Class Iil 4 7 47 17%

Class IV 1 I 4 1%

Class V 2 , ,7 14%

-ima
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The ahokvc tahIc shows thait thc hcst vdhitc v-ic at Cgilwnit~,i licIII
clscs III, IV an1d V) WOUld hC attCCtc'k b\ 1 I da 11111 r tsntin cai I
onic- third of tI ti ta I capalcit I t th iw ck. damsl stud icdi

Aggregate Impact on Fisheries, Recreation, and Scenic Reaches

Thirtv-ninic ot thc 44 dan11m proposc ,d at unIdC\vClipCd sItC' L.ii Id attcct
cithicr tisherics or sccnic and recreational tivcis. fhcsC '11) sitcs Ia&

capacity ot 27-) Nlw% or 94" (it t L total capacity Ot t~ K'udvc c itCs

studICd. On 1V t SItC --- 4 In Maic and I III 'c rnmn lt -- V, Mil d nilit 1a,1%

a major Impact on fishcrics or rccrcaitionil rcouircis.

Downstream River System Effects

Thc discu.ISs110ion )V1 11,1 hS toCLuscd onl conflicts which may 1 (ILC1 cut i

mcldiatcly abovc or huclow a darn sitt D cpcnding on thc. \%ai\ in vh ich a
hydro taCilitV IS opIcrJtcd an1d [11C amoun)llt ot aJai dlinagc L JrCaI
control led bNw tI h 1 tV fl vtow rclatvd cttcc ts niiav III Ila\ n10 tCC LII

turthcr downstrecam. In ci lumins 28 and,- of Tblc - I thic pciccntagc
basin dra nagLc ai'rciaboi vc anadrorrioins t11i11hIlld vc rcat itl,1 aii 'cg-
m1cnits which I" control lcd hN cach sm.: is' sh .sitcs' w ith thc capahil -
iv to) rC,9IJatc t HOW trim]) J ]MgLc proportion oit thlc dlinagIc arCaI Ih0VC thc

tishcr-N or rccrcatioin scgnllcntl s'I LayLaISc Con"ISidcrabIl: cttcct s on thcsc
rcsourccs it opcra tCd Mn itlC '[cr11 tha a run1-MAIt- ii vr dc

Hlat wh.It tilt tlic III .\1, t o itisiltN 11,itr Ittib 1,11l.itilli
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Chapter VI: Conflict Resolution

Introduction Dvloli ciopc it (it inanx-t of thc I('I I ]cm Iai VAtI. b aI C Ildroi N pI I I s III t hC
region will inx'ol vc dit versions o f tI IIIan tli)N Ixand Mr hc It icatcd (inl ix cr
reaches used or Va II Cd for I thcr litrp pscs. I )cxcii )IpIn It of11Vdri I)[) IWer
sites may, )coparodizc t OPM1 hcscS (1mcr ngK" Usso c nless int igaIt Ion
mICasuLrcs are i ncirpiratCd tint()i pri -Tct decsign andt operatioin. The nee'd
for mitigation, as 'cli I as thc extent oIt tIIw nmeasures rCLjnIircL. wvill
undoubtedly c1ausc dispuLtcs InI thc dcvclopmicnt process.

Many' disputes xvili hc resolved tiv ncgiitiations, c2onducted wi1thin thc
context of rapildix chanlgIng poiiUcal ind r-cgUltorx pri ccssc . This
chapter descrilies sonmc ot the importan1t clCmICntI oIt the picss (it
necgotiation the basic legal traincork xxi thiii which ncgi t hit ion xvIII
OCCuir; somife ot the toiols axailabic tomad in) ill. Undcistaidiiigot oppi ing

posit ions and perspectives; the tCaSIhi lit V ti rc l lf JCC idat i 11 iii c nccds
Ot So1mc comlpetinlg uIscs in the design and ipcra ,t i n i i il iiti il it icsd

andi finally. some alternatix'es wvhichi avoidl confliici t At i-Lr

No attemipt is, made to Jud~ge among compet ing \ .il Ocs (i t I xlit l thc

possible bcncfits of Altcrnatc coUrscs (it act ion. Nln ic iinpct in
With h vdn iarc not U uant ItiaIbic InI CCi101 mimi o thcr t crm ls. anIld cxci

Soi sp(2ctS of li~dropower arc siniIIli i not Liuaiitit iahic". For xnii
givenI the IMtrci innccticd naturle ot thc rcgioinal trans1"msionl sstocni1 it
may no0t be po0Ss'ible i) S.J sax rcisclV whct licr tin- IrcsId~its In an a rc
imniediatel v adiacent to a ncw hvdlri tac ilitv \%xili bencefit hoi m Its dec-
veopment ori whether the power wxill be transmittcd clscxxhcrcc it ottset
the use of oili. Similarly, it is, v'cry dlifticnll to idctermlintc hov xx nIch
canoeist,, arc willing to pav tor he(. pu1rsuit ot thir'It KtitV or toliat3

extent local economlics beneft troin an intIL o i cratlns

Such valuc tu.lgemicnts can bc madec oniv onl a ,lit b", sitc basis gixcii tlic
hest Information availablc at thet tilmc, anLd thicarc StrIingiv iiit Iucliccdl
by political factors OutSIdIc the Icahin ot rational planning iir 11nalysis. In
large part, thlt-tatc ot each ot filc pcriiiit and L 11 ccsc pplications11 that
have bheen subimittedl in the past Vcalr nlId a halt Will iL'pcn121l on1 thcse site
speCCItic VAiti Ittdgc1LIts, Jildi politica talctoir..

-file informat ion presentedl Iin subs1'.C(Lunt sect ions, xIii sliiix inl 11art li xv
deci sions Can be made In t h1 ci tcm (tit a broad range of itConsidecratio ns
ratheir tha1 n il e cCxtt on 011V onc use, one act iviv or )i iron rcsi urc-c.

Thie Existing Legal Vhe b odv (it law ailki IrjIn mstIratj\k xc loccdrC gi icrn1ill I hlri kipi0%

Framework tac ilit Ii' rCt ILCt th hc ted to rCco112 l h~ ev Vipjill cii t Ii hx'xl icII n.
tac ilit ics with t he neds iii if ot her t low,, deeICINWAt U iscs. The l icen~sinig
proCedLurCceStahlishcd by thc Federal Piiiicr Act (0. I. P.1.L. 71) l)~2

(r)) ULl IkiliInistCrCd b\y t he FLdcra I Limpg Regutio r\- Communinissioin
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JFERC! regulates the construction, operation and maintenance ot hydro-
electric proiects. Section WOA of the Act establishes a clear policy for
reconciling hydropower with other river dependent uses and interests:

"... the project adopted .. will be best adapted to a comprehen-
sive plan for improving or developing a waterway or waterways
for the use or benefit of interstate or foreign commerce, for the
improvement and utilization of water power development, and
for other beneficial public uses, including recreational purposes... "

This general policy is augmented by other sections of the Act which
require explicit consideration of the effects of a project on recreation,
fisheries, and navigation, as well as on interstate commerce.

The FPA is the primary law governing hydropower and vests FERC with
the authority to override state statutes and policies in the licensing
process. The preemptive authority of FERC relative to other federal
statutes and agency responsibilities is less clear and is currently the
subject of considerable debate. As a matter of practice, however,
prospective developers are required by FERC to consult and demonstrate
compliance with state and federal statutes governing water quality,
recreation, and fisheries, and other aspects of water resources. This
practice has been sanctioned by action of the courts.

The regulatory process is thus extensive. It is complicated by the need to
consult with a large number of federal and state agencies, all of whom
have different mandates for the regulation or management ot public
resources. The scope of the regulatory framework, and the complexity it
poses for the prospective developer, has been investigated thoroughly In
the past 3 years, with the work of Franklin Pierce Law Center comprising
the most comprehensive survey of state and federal statutes' . For a
thorough discussion, readers are advised to refer to the Franklin Pierce
study.

To illustrate the extent of federal statutes and policies, Table 6-1 has
been prepared. Provided herein are the prominent laws and an indication
of the concerns covered and the nature of the authority conterred to the
implementing agency. This matrix is provided as an illustration onlv

State statutes and policies parallel the federal system, but constitutc a
separate series of regulations or requirements with which developers
must comply. No attempt is made to illustrate the state s\stcms sincc
they vary immensely within New England aid are comprchensivcly
documented in the Franklin Pierce study.

" Lcgislatiion cnactcd sUbscquent to the I-cdcra I'oMw 'i AtI hIJ ( t,'.Itd I, ILk U1k tIMM.Il \

iahih t FERC's prccmnptvL AtithoritV'ER( ha1 ,nHi1ttntI\ 1,.ttvd 1t' .11lh011M III
the licInsing proccss and rccentv has sonught .in1luhIfdlvn', II tlI I PA t Iltlln1 It'
precrnptivc pnwcrs

Entrgv, L~s lijsl itirt ranklin 1'tc [. i nt I ' l N.' / , ,, , .. ' .,
,J~ t Ut,, , I,-N ton N11,11 'l i II d, ,l, ,kx T i t) th, \IN/ ,I., , : I' , ,
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The FERC application process i,, designed to cxposc potential contlict,
associated with proposed projects. The application requires the prepara-
tion ilt several exhihits describing planned civil ind mcchanical works
along with propOi sed operatnlg pl-OeedtLres. f i'nanciiaI arrangcmhc'ts, and
schedules and management .chcmes tot the constrLCtiOll. o)pcation 'An1d
maintenance of the facility. The exhibit, als,, tmust include an assess-
mcnt of environmental effects and CTllpCtlompe llt O'cs, as well as federal or
state rcconmimendations for mitigating the eticits t any signiicant con-
tihcts. The applicant is required to indicate its intent tt accept, modit\. oi
reject rccomnmended llllating Inea1 Urc. *

FERC publishes public notice of its receip td an application in order to
attord affected private and pubhlic intcrct, an opportunity to co/ment
on the proposed project. The public review gcncratcs the additional
information which, together vith the applicition, hrmis the principal
basis for FERC's ruling on the liccnsc.

The Corrjrnissioi, :miay take three actions: it nay deny thc application: it
may award the license with condition s mnodlt ing the proposed plans; ot.
it may award the license without condition,. It the application is uncon-

tested and the plans arc judged adcquate. FER(-'s pr)ccss tor is)ing a
license is perfunctory. But it, tor example. there is a dittcrcncc betvcen
the applicant's plans for measures to mtlgate conltcts and the rCCumnI-
mendations of an agency or the connmcnts of an affected interest. FERC
takes steps to reconcile the difterencsc,.

In resolving disputes over aspects ot a protect, FLRC nay direct an
applicant to attempt to reconcile the dittecrnccs with the dissenting
agency or interest through negotiation and compt/risc. It this ncthod
fails, FERC ilay convene anr administrativc hearing to secure lorlml

testimony from all parties to the dispute. )n the basis of ItS evaluation ot
the evidence, the Commission issue', a rulng dictating the means b\
which the dispute Is to be resolved. FERC's ruling may take three formas:

" awarding the liceCse with condi tions pol(VlCd to mitlilt the sen I s-
ness of the dispute;

* awarding the license on the condition that the applicant \\ ill sponsor

further studies designed to coitlrl Or retutC the need toi tulrthcr step,
to reduce conclict;

* awarding the license with no conditions.

The principal guideline governing F-LR&s action on a dispute is thc
policy stated in Section I OA of the Federal Power Act, as noted aboC
Recreation, fish and wildlife management, or other uses will be madc
conditions of a license it the\ can be cttcctivlch represented as legitimate
conditions necessary to achieve a project best adapted to a com11prchelt

* fi I''Ill IL lt ih m m iti c I U RI( hi
, 

j littti(d s' 1( , It'lt ]i tim), r ts t' i lll-'Iin. m',c Is

tillMl thi, p it(tLttr- s'- A phnIfidx [- 1 1 t ,11 A 1111111131 ti' , th s .'w L -l Ti 1 1 +t I3 \N k
tcs l~tplt~tul +It lith plti ltti rV pt'rmllt ,llit t islr ,sti j'ttl i
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sivc plan tor development ot the %%atem\a\' or it thc\ arL re uik jroed b%
oither tedcralI agcnicis wit h sItatl utorv nuthority to do ~i
The legitimiacy ot SuIch cCerns xvI Withlin the cot ftn the I tinCIlg
process' 1s well e stablItshed in pr incipl Ia. t Ilast by\ severali 1aw an IId
policies enacted by CLongress, r state' legislatuires. Ilhe ippl ication (oif
theCsestatutesto a particular site ho0weverC, in OstIeetal'edmaae
by case basis.

Understanding One ot the principal causes of diputes III the. Ilieensinc1,L prt1C1 %',s Ill
Conmpeting Involve compct~tion tor n-on-cons',umlptive2 m1 Ot streaml lt 'xs insircam

Demands for Flow flow ComIpetitionl). InI the follow"ing sectiols, thle flwcharaL tcristl, (it
hydropower opeirations and the instrcamn tlovs requiremetints of tim ma-
or- comlpetIng uIses are described. Applicable tlow eriteria are presenlted
together With sumnmaries ot flow po11icis Mr aIpproaCheS currenCIt1 lv being
used by fihc variouLs agieIs involved In the mnaintece111C 1 'r prtecLt in
of instrearn tlows- in New England. These constitute the basisI uponI
which state and federal agencies wvill i ecommend mesrsto iMitigate

adverse ettcct,, ,t h\ dropowecr developmn-t onl instreaim tlo\N

Hydropower Operations

Stream tlow regime, are gce callv depicted byV Use: 01 J hvdogp sulch
as the oine shown In Figure 6~- . Onl the hlvdnIgripli) the' (untIt \ flowN
in cubic feet per second cfs) is shown tor the \ arious mo nth, of the, \'ar
The cuirve shown is ty-pical oh \exsN hineland \\ it h ai high ppic pak

Fow
0cs A)-*nnuail A\c iiL.L i 1I\

or ii i n IH I'mt\

sPoi I I()

Figurc 6-1: ffVdrograph Showi rg I n(rca tit Fhovi Nvecd% lt Hunti-ohI-Hivi eIdrn-
power Operations
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rcsuilt tog troin t hc v. intur ,notw inech nd ,pring rains, and a It)\ lt
11Critd Which uISully Rcachc. a miimII)II 11) in t SUaic- sui .

A\ h vd ri clIcc t ric tacilItm designed aS31 1n InSt alltanIc( l III n-( i-rI\Lr
cration %s ioh ni) divci im (it ,trc~am Hitm InI a pcns~t i k , hca'dr at. ( Laa
has a h\'dritiraph similar tot that ShOV, n1 in1 l-iguc 6-1. Nat ol 1i m1d it Iill
Are CsCntial1 lHIuChangcd1A. WhCn low O, CXCCcd tUrbi Oc Liapai t, thc
cxccs5s tflows arc S[1i lcd (vcLr thL daI1 in r 'plfl\ Ja\ Whcn i I))\ ai lIC IS
than1 the nnn111imurnI rc:tLui rcd ttr cttoICIcnt ttpCrAIt In. thc to 1bnc is hut
ott. At all iics uuttlows at thc bascL it thtc damII cqL,1 IntItWS to thc
IImpoundmcnt ahove thk: dam. Turhi nc inStallatii ti inI Ncw\ England
typically hatc a maLXIIILmr icatg cLiL It i I I Y'ot thc instal lcd
dcsign capacity and aI minimum ttperat ing thrcShold ot 10l-40"., of thc
inlstallced design capacit\',.

Stotre and relcase operations, by contrast. rcquire manipulation1101 Ot natuI-
ral strcam tIow.Ns on a daily, wckly, orI scasonal basis, dcpcndiing on dhc
amo1011nt (it Storagc availablc and thc market ci tlli tluifS dc.tcrnn ing thc-
load on thc plant. A hydrograph for a wc~cklv Storc-and-rclcasc. opcratitin
is shown inI Figurc 6-2. In1 this situation, watcr is storcd on wcckcnds toil
rcelcase during thc weck whcni powcr dcmand is, gr-catci . This pattcrnl IS
depicted by an oscillating hvdrograph with abou~it tiur cvclcs, a month. A
storc-and-rclcase opcration also has a1 grcatcr maximum t Urbinc capac it
anld a non-cxistcnt or shortcr pcriotd tint shutdloxn during thc Ldricrsu-

mcr mIIonths than docs a run Ot-rIVCrI ta II t\', SInIcc- katcr Fcan bc sto Ired t

bring thc miinunt ivmaibcit: tor 11criodhic puiwcr gencration uip to the

Naturafl Sicamn I-lttx
Spin la

1,11) 1 1, .1 rit ini ,11 n! W

1igtire 6-2: llvdrograpli Showing Inservani Flo" Need-, for Stotc-anfd-Rclcii%c
1 0roptmer Operat ions (Weeki~ Ponding)



CONFLICT RESOLUTION

83

1im m necessary to operate the turbines. Power supplied during
periods of peak demand brings a greater economnic return than povcr
supplied during off-peak periods and thus there is greater incentive |or
constructing store-and-release operations.

On rivers where flow is already regulated bkr hydropower generation and
other uses, the hydrograph will look quite difterent trom the hydrograph
ot an unregulated river. If there iS significant upstream storage, the
hydrograph may have a more even and constant shape with the seasonal
peaks flattened out. It the river is regulated to provide weekly storage,
the hydrograph will look something like the oscillating curve shown in
Figure 6-2.

Waste Assimilation

Stream water quality standards, developed by the states and approved by
EPA, reflect public water quality goals. Recognizing that it would be
impractical to maintain water quality standards under all conditions,
the 7Q() flow was adopted by most New England states New Hamp-
shire adopted I0Q201 as a measure (i a relatively rare flow occurrence
and as the threshold flow for water quality standards determinations.
This flow standard is defined as the average seven day low flow with a 1
in 10 year recurrence interval. In other words, the standard designates a
drought or low flow condition that has a ten percent chance ot occurring
in any one year.

Subsequent actions by mu nicipalities, states and EPA to achieve the
assigned water quality standards, including treatment plant design and
permit development under the National Pollutant Discharge Elimina-
tion System (NPDES) program, have tended to reinforce the use ot the
7Q10 as a design standard.

A 7Q10 flow is compared to a natural flow regime oin the hvdrograph
shown in Figure 6-3. On an unregulated river, the 7QI () flow will usually
be about 10% of average annual flow. As shown in Figure 6-3, optimal
conditions for providing good water quality may be considerably higher,
and will depend on the characteristics of the stream and the pollution
discharges into it.

In the past, this same standard has been applied to hvdropower opera-
tions on licenses issued by the FERC as a minimum tlow release required
to sustain water quality standards, particularly it there are sewage treat-
ment plants or other dischargers located downstream. 7 Q 10 has been
applied in the past on both an instantaneoLs and an average low basis.

More recently, EPA has recommended in its review ot hvdropower
licenses that FERC require 7 () 1) as an In I/t n inI mum, but recognIzc
that maintenance of such a minimal flow condition at alt times Is likely
to place considerible stress Ol the aquatic environmnent ot the strcamn.

Instantaneots th iws are noiw rccommencnidcd as standard practice.
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ts - Annual Average Flow

Natural Stream Flow
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*\linlll.iini Flow Regimc
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Figure 6-3: Hydrograph Showing Instream Flow Needs for Waste Assimilation

Fisheries

Critical factors affecting the survival, reproduction, and distribution o1
fisheries arc the depth of the stream, the velocity of stream flow, the
temperature of the water, and the substrate of the stream or river. All of
these factors are directly related to the quantity and the timing of stream
flow. Cover, an important aspect of the habitat of many species, is also
related to stream flow in an indirect manner. For certain species ot cold
water fish, namely trout, it is well known what depth, velocity of stream
flow, and other factors related to flow are required to maintain their
habitats. Depth and velocity criteria are indicated in Table 6-2. Similar
data for other important species such as Atlantic salmon are not well
researched, primarily because the near elimination of this species trom
New England waters has precluded observation and analysis ot their
optimum and minimum habitat needs.

Flow regimes suitable for the maintenance ot specific fisheries must be
based on site specific evaluations of the relationship between ftow and
those physical and biological criteria which arc important for the tishcrv.
General methods tor establishing flow regimes have been developed in
the western United States, where the hydrogcologic conditions vary
considerably from those of New England. For example, use oft the "Mon-
tana" method suggests that 10, of the annual average tlow is the
minimum needed "just to keep things alive," while 30',. to 40'' of
annual average flow is needed to maintain viable aquatic poptUlatiols.
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Table 6-2: Depth and Velocity Criteria for Some Species of Trout

SpeciCs Rangc o Rcquircd Ran0I i RcqUrcd

Depth ttcct) VIuutics it Scc

Rainbow Trout

spawning O.5-1.4 (9-2 7

mveniles {}.5- 1.i 0 4-2.2
adults greater than 1.4 (.1g-2 2

Brown Trout
spawning 0.3- 10 I _

juveniles 0.4-3-.i, les , than 1.;
Brook Trout

spawning 0 '-1.0 0.1-I .,

Source: Vcrnwlt Agcnv ( nvit . c n I, J ,CIVAI'Mvau ,Matl RVsUlcs 1 part

The "Incremental" mcthod, ais, uCd primarily ii the West, has typical-
ly led to the recommendat ion (it a I th regime in the range of 40"1, - 60,
of the annual average th%

The New England Regit nal r)trice It the U.S. Fish and Wildlife Service
IUSFWSY has developed a method tor ctahishing low regimes designed
to encourage release, that perpetuate indigcnous aquatic o)rganisns,
including both fresh water and anadomnous tish. 1)evelopment of the
policy was based on an analysi, of historical stream flow conditions,
given the lack ot detailed kiiwiCdgC of the specific physical and biolo-
gical requirements ot eastern species of tish, USFWS's method for estab-
lishing flow regimes presupposes that species native to given waters
would have adapted themselves to the natural, seasonal alterations in
the patterns ot stream flow. The method used by USFWS to establish
flow regimes is based on the fact that low tlow conditions occurring
during the month of August cause the most metabolic stress on aquatic
organisms. The USFWS has concluded that stream flora and fauna have
evolved to survive these periodic adversities without malor population
changes. Based on this conclusion, USFWS assumed that maintenance ,t
a continuous minimum flow release equal to the August median is
adequate throughout the year to protect aquatic species. It spawning and
incubation activities take place in a river reach, releases equivalent to
median flows during those seasonal periods arc also recommended.

For free-flowing rivers where a minimum of 23 years ot USGS gaging
records exist at or near a project, the USFWS calculates flow regimes
based on the gaging data. For regulated rivers (dammed or diverted
upstream) or where flow records arc inadequate, the USFWS recom-
mends that the Aquatic Base Flow (ABF release be equal to ., cubic teet
per second per square mile Ictsm of drainage area. This recommendation
applies during all times oft the year unless USFWS finds that additional
flows tot spawning Ir Incubation are needed. Flow releases of 1 .) ctsm in
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fall and winter, and 4.0 cfsm in spring will be recommended tor spawninv
and incubation purposes.

As shown in Figure 6-4, the 0.3 cism August median gcnerally eqLual
about 26% of the annual average flow, while the 1.) ctsm and 4.) ctl1n
recommendations equal about 53% and 212", o1 annual average flovx
respectively.

The State of Vermont has developed a method for calculating min11lmI1
flow needs based on knowledge of the needs of certain specic" of trout.
Jsee Table 6-21. The method can be used to establish schedules )t tlow
releases which must be maintained at hydropower projects. I hc mctho)d
is applied to specific sites and it involves estimating the amount ot
useable area in a stream segment which is adequate for fish habitat, and
then analyzing how different flow releases will attect the depth and the
velocity of the water at selected cross sections of the strean segment.
According to Vermont officials, use of this method to analyze the flow (t
an unregulated stream will generally result in a recommended rini-
mum flow greater than the 7QlO standard but less than the Aquatic Base
Flow standard typically recommended by USFWS.

In addition to flow requirements needed to maintain or enhance fish
populations, instream flow conditions affect the anglers and the quality
of their fishing experience. The effect of flow variations on their experi-
ence is primarily determined by the form of recreational fishing pursued,
e.g., wading, boat fishing, or bank fishing.

Flow
0ts - AnnliI Avcrage Flow

Natural Streamn Flow

2()
Incuobat ion

Pcriod

Mceditlni

"pawning ,/ Flow " ing

in I ich Ma.t,, Apr %\tr f un I lidi \uk: t I I I R

Figure 6-4: Hydrograph Showing Instream Flow Needs lor Indigenous Fish
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Recreation

White water and flat water recreational activities obviously depend to a
certain quantity ot flow. Physical characteristics of a rvCr such as width
and dcpth of the watcr, and velocity (it flow must masCurc ahovc ,onoe
minimum threshold for canoeing, kayaking, or ratting too he possiltl.
The nmminlmum acceptable measure ot each ot these charactCritics for a
particular stretch will vary. For example, the minimum depth rcquircd
to Make a given segment suitable for expert canoeing ma not makc it

suitable for beginners.

A second set oif characteristics determine the desirabilitv of a stlcam for
these activities. These are specific to a given reach and may or may not hc
related to flow. Examples of these include the length of J reach which Is
uninterrupted by harriers such as dams and which is thus availablc tor
canoeing, and the scenic quality of the stream banks and surrounding
environs of a given reach.

There are generally five classes" of white watcr in New Lngland, with
higher classes providing a more difficult and challenging cxpcriencc.
Figure 6-5 shows the relationship between quantity ot flow, gradient,
and degree of difficulty. The exact conditions of gradient and tilw that
yield these classes of white water obviously vary . A good rule ot thumb
is that Class I white water streams have a gradient in excess of 10 feet per
mile and a flow in excess o>f 5t00 cts.

Canoeists can negotiate waters as shallow as 3 to 6 inches, although
poling is more appropriate than paddling in such shallow water. The
quality of canoeing improves markedly as depths become greater than 2
feet, since at two feet, paddling without striking the bottom is possible.
Widths as narrow as the length of the boat can be navigated, although a
practical minimum is about 25 feet. There Is no maximum width (r
depth which precludes canoeing, but velocities in excess of -~ feet per
second impede upstream progress and mark the general lower limit of
Class I white water conditions.

l)emand for white water or flat water river recreation varies signilficanltliy
from month to month and is primarily a function of available flow. ()n
unregulated rivers, optimal white water is usually available onl In the
spring, as shown in Figure 6-6. Since sticam flow decreases as the sum-
mcr advances, there is seldom sufficient depth or velcit\' to provide
challenging water during the summer months, although flat water
canoeing may still be possible.

On regulated rivers, white water activity can take place during drier
periods of the year (in segments where flow releases from hydropower,
flood control, or water supply dams provide sufficient flow. l)epCnding

)pinial ttIiw cilnditll toi Spt'l tic whirtt Wctil ,' li'flltl III Nt'\ I IIV 1t1 ,1i kt l lr
vidcd iII t c ablc III Appcndix k
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6 00l A

Class IV

Class Ill

Class 11

Class I

kraidiciit ltcc TI I

Sourcc Arighi, S., aind M. Arighi. 197.4 t% 11,A%' f, rI' f.'),i kil I~ u ill Pl'u1h 111 llfg k
New York, N.Y

Figure 6-5: White Water Classes as a Function ol Flo% ind G.radient

ofl the extent to which release schedule,, COInidLI! with periods (it de-
mand for recreation jc.g., weekends or h lidavs/ White \N.]ter activities
may he possihle throughout the summenir anld Intf the tall.

Scenic Quality

Any judgement regarding the minimum stream flow neccssa.ry to main-
tain scenic quality is highly suhiective. On a tree-Ilowing river, it s, otten
the free-flowing quality Which gives the Stream It', scenic character, an1d
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Figure 6-6: Hydrograph Showing Instream Flow Needs for River Recreation
(White and Flat Water Boating)

therefore the optimal flow conditons will be those which most closely
resemble natural conditions.

The Overall Impact of Hydropower Development on Instream Flow

Analysis of the instream flow needed for the maintenance of fisheries,
recreation, and waste assimilation has shown that the optimal or mini-
mum flows required to sustain each use varies considerably from season
to season. Not only does the total quantity of flow required vary, but the
percentage of the average seasonal flow required for each use changes
from season to season.

Figure 6-7 depicts the typical flow needs for run-of-river hydropower,
waste assimilation, fish, and recreation, plotted on one hydrograph for a
Lypothetical unregulated river in New England. Except in the case ot
waste assimilation, the hydrograph indicates that thc greatest quant1t\'t
of water is required htr instream uses during the spring. In1 summer
months, however, the greatest lercetitaage ot availahe flow is required to
support instrearn uses.

Although hydropower, waste assimi lMton, fisheries, and recreation have
overlapping flow demands, the denI1d1s nee'd nort CInflict is oi)g ais one

of these purposes does not require exclusive usC ot the wat'r livdropow-

er facilities operated in a run-of-river node, with n) diversion o flow rout
of the mainsten streambed. continuousl V proVIdc w',Ater trl Wastc As-

similation, fisheries, and recreation, and will alkst lni1t in the1C tLL-iLi
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Figure 6-7: Hydrograph Showing Multiple Instream Flow Needs

character of the stream. Some uses not only do not conflict, but art
dependent on each other. Fisheries, for example, require that the water
quality he maintained, and this requires adequate assimilation of wastes.

The hydrographs shown in Figures 6-8 and 6-9 depict two cases i which
there are very different relationships between the needs of hydropowcr
and other uses. In the first, the run-of-river hydropower tacility includes
use of a penstock or open canal to gain more head by diverting water to a
downstream powerhouse. Maximizing the generating capability of the
plant requires the diversion of as much water as possible. The flow
remaining in the by-passed strcambed is shown in the shaded area. IIl,
is the flow which remains either in the spring when the turbnc s ate
operating at maximum capacity and excess flows are spilled ter the
dam, or in that part of the summer when flows are insutticient to drive
the turbines.

In the case depicted in this first hydrograph, competition for instrcam
flows with the other uses will be severe, io thi' i'c' rCquirc iutlizatnn

of th" by-passcd treatnihd. The only low available will be that ill the
shaded area. White water recreation will be impossible 1i the spring and
sufficient water for waste assimilation will he available only 4- , months
of the year. The needs of tisheries as defined by the Aquatic Base Flow
method will be met tor only a brief period when the turbines arce hut
down. )ownstream of the powerhouse, where all the thiw ilas been
returned to the main streambed, there will be adequate tlow for all uses.

The second hydrograph depicts the needs of a weekly Soir-and-releasC

hydropower opeyation overlayed on a graph of the needs tir insutcam
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Figure 6-8, Hydrograph Showing Conflicts Between a Run-of-River Hydropower
Diversion Project and Other Stream Uses
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Figure 6-9: Hydrograph Showing Conflicts Between a Store-and-Rel ease Hy-.1 dropower Operation and Other Stream Uses
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flow of the other uses. In this situation, co mpctition tor instrcanm1 tlO\ .
will be intense when the facility is storing water and the releases toll
below that needed to support the other uses. Typically, this ill )ccur in
weekends, when demand for canoeing, kayaking and tishing I- grcatcst.
If, during storage periods, the release talls below th minlnum threshoild
needed to maintain suitable conditions for fisheries, tish2. populations-,

may be severely reduced.

The severity of such conflicts will obviously increase with the trequency
and amount of fluctuation in flow releases from hydropowcr tacihties.
However, a daily ponding operation with limited storage capacity may
not produce as severe effects as a weekly store-and-release operation
which requires a much longer storage period.

Conflict Mitigation In many instances, it may be possible to mitigate the intensity ot con-
through Project tlicts between hydropower development and other uses ot water ic-
Design sources by designing and operating hydropower proiects in such a way as

to accomodate the needs of these competing uses. Maintenance of 1m-
mum flow releases and provision of facilities for fish passage are likely to
be at issue for many sites in New England. For that reason, the feasibility
of incorporating minimum flow releases and fishways into hydropower
projects is discussed below.

Feasibility for Accommodating Minimum Flow Requirements

A variety of policies are being used to define the needs of ditterent flow
related uses, ranging from the 7QI() policy recommended by the En-
vironmental Protection Agency tEPAI and many state agencies to main-
tain water quality to the Aquatic Base Flow method advocated by the
United States Fish and Wildlife Service tUSFWS1 to protect anadromrous
and fresh water fish. These policies may require that continuous Ilow
releases be maintained at a powerhouse and/or dam to insure that flows
downstream of the facility are adequate for protection of competing uses
or resources.

To assess the ettect oft the policies on the economics of hoydropowcr
development. NLRBCi conducted a case study analysis ot thirteen sites.
selectcd trilin thc 2100t • proicct proposals in the region that have been
suibinitted It) I t for preliminary permits. The sitcs analvzed werc
gencrallv ept,. sellCtat it the types ot diversion protects being Invcsti-
goated t1 lt:i llt th le'gi Nost were in the --)() to .(tt){I kw range and

inoVl)]Ve tix IsI Inls I btweten 1 7()() and 20)1) teet.

Ihe res-alts (ot thill n111-11"I s Indicate thilt It contlllnu(i s releases are

rcquircd to be 1ad1 at I daml11 w1her1 a potwcrhtonuse 1s located dOw ntreall
at the end (Ot a head race pens toCk diverSion, eIergvIy oitpill in111
most Cases be substantil rLdlued. It Consider illl IS giVen 11 iusing a

small turbine at the' da11 1i goel 9 ,11tM p0\\Lt fl0trln hle rlCases,. I()wL'Vel,

the reduction in energy ilut can bC si.nitcnt l V lCss'eled " IN -llC
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sites. OI. )n ites" with large drainage Iasins, and i p ~ d\. e
7

()1() ort AquatMic Base Floiws ABF In paIrtioLar the OInOL lm'J I h J A
recommenI IIded by EPA and USFMWS wvill ht. larger, ma iiki etc 1,\% cen I. a

tiOm at tilt dam nire easbl than it wou(ld beon (ill Ie 'ITk hi,
finding applies also toi site,, where theCie i' ,uhtanti,I! 1
LI)upstrea thlow,' and rjt 

7 Q11j) or A131- i , Ixised In theL Jtfo

While thlt LISC (t malturbines to generate: p iwe'r It( )ii11 1 h( I Jk
relea,,ss will tIbv iouislvlincreaise capital Ctlits. thu )'AIivtalCl t~t )JliliC,

tCZasibil it' W.' was fiund to he less pronoun11ced than11 efct i nl (1MC\ (LIT
put. For example, using tinancial criteria wvhich assumed a pm rid "I
negaitiv cash tlow or priv-ate developers tii b ic a ~re(,i(r thanl [hi e
anId anl Internal rate of return olver the lite ot a protcti to) be I I- t \\.a,

found that compliance with both tile 7 QI( 111ndanAl 1 F requ1-11~ire ben
based onl median August flow, did not substantialk lv duce h i i nani a i
teasihi litv of proteccts which would be financially viable InI the absenceL: Ill

any minimum flow requirements. This tinding held for three: ditLerent
scenarios of the sale value11 oft energy produced, i.e., '1(, 7(), andk )(1 11,ill,

kwAh.

These results suggest that projects which are 'cononnuall.lyl vialeN ti
begin with are likely- to be able to) aecomodate iiIIIII mumlhiw e\i %
menrs, %ile the more jmarginal proteets arc goinig tii be severeCl v i ii

pacted by constraints onl flow, releases. InI addition, it appears, that aid-
vanlces malide by turbine 1ManutalCturers inl the last six month" to a \ car inl
developing small package tuirbie units are likelyv to iprove theltpa-h
itv to generate power trom continuous releases made at a dam i insisten'It
with both the 7 ()10) and ABF policies.

The USFWS cooperated inl the case study anlyisb assessing the,
thirteen sites to determine ho~w mnumtl0iw releasesI \\01.u1d be tee
om imended it based onl site speccit ie application (it the gener.ic, Aqutilo
Base Flow methodIm. The purpose oft this analysis waN~s to det(et~ll- in i '\hi
closely releasesactuallly rCcommen1cided for ahst oldcreaewt
generically determined release recolmendati inMs baISed on aIeomx d
median August tHow of 0.5 ets. A sconid purpose. wvas tii determine thet
like Iiho( id thatr U.SMFWS WOiLlId reecil n end ma,1t i'llna (ee ot lo) i" h ighct
than the medlian August tHow during certain times tit thet yeCar I() suppi it

sp]awinllg and incubation 1see Figure 0-41.

With respect to the first I)urpose, it wals t)imund to be poibleIN tii dev eliJ ipl
more specific reeolmmendai&on (In oly fOii (It the sites. 0,I' L ' t the I In.l
I ted tim a 1C vailable.k Foll ths fI our IIteCS, hi% iw\ eI, the I I t )\% I 5 [
woulld recommen1C~d based Onl tiel d iibser Ivat loin were L founl Id t(I oL ~ I C onider-
Ably lo)wer than that which would be required using the Vcenet i, 1pI ii i
3alone, 11 Ibi findIng suggest S thaM t. tI led alsi b\ 11lett) 11C u11(t hello

moire aidvanltaIgeouIs t (i1 hydropowe YNr genitionH 11 tha.11 NMII oul be sigieste
by st nect in terpret at I (In tt t he t J S1A geINe tI c po)l Ik\ I t a t lso eiphasi~e
t he neeo.d for' fir IIAnd t IMely nigiititin n1 (11 1 the( ILV11 licnitig t. Ls
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With respect to the second purpose of the USFWS analysis, it wvas tound
by the USFWS that at 87% of the sites it was unlikely that they would
recommend maintenance of flows higher than the August median in the
by-passed stream beds. Sixty percent of the sites studied Vould definitely
not require releases greater than the ABF U. cfsm, rate in tall, winter, or
spring below their downstream powerhouses.

Taken together, the results of these case study analvscs indicate that
tb re may be substantial flexibility for accommodating the nccds ot
competing stream flow uses in the design and operation of h'dr1ojower
projects. Irrespective of the policies applied, negotiation will be the key
to resolving conflicts that may arise at any one site. The FERC will be
aided in its deliberatins or its role as a mediator, however, if prospective
hydropower developers and advocates of competing interests alike
attempt to define clearly and justify their flow needs. Furthermore,
negotiations are most likely to be expedited, it competing users of stream
flow strive to understand each other's perspective. While hydropower
developers may believe that minimum flow requirements constrain a
legitimate private sector response to the nation's critical energy situa-
tion, rccreationists, fishermen, and other stream users may believc that
hydropower constrains their statutorily guaranteed rights to use public
resources.

Fishways

As noted in Chapter IV, as many as one fourth of the hydrtopowcr sites
likely to be developed in New England are located on existing anadro-
mous fish runs or those currently under restoration. Some tVpc of facili-
ties for fish passage are likely to be required at these sites.

Fish passage costs, like many other aspects of hydroelectric proiccts. arc
highly site specific. Some generalizations can be made, ho wvc-r, usinv
the graphs depicted in Figure 6-1 . The graphs show the relationship
between head, turbine capacity, and protect cost for installation o I
singl, power plant in or immediately adjacent to an existing dai.

Ovcrlaid on these graphs is another curve depicting the costs it fish
ladders Is a ftllCtionl tf head, aSsunLl.1 an average cost of sS - 1 OU() pet

toot o head 1tieh aciOst range IS believel to be typical for installations in
NeV 2,Id otll'r than those located oin the Inllltell (It o 1,a1o rivers
like tle' (.'it1iict iat or Merrimack. The cLosts of fish ladders oi these
rivers are Iikclv to bc considerably higlie,.

For a givel head. sav twcntV feet, the graphs s',Al% that a tlishwav ca\istil,.

S200,))0 will be about 9"o of pow'er plant costs for a one Cgawatt
tac1lhty, aboit 6",, of power plant costs tor a two iegawatI tacliltv and
about 2" of power plant costs for a five inegawatt fac ility. 1111., toil a
given head, the cists of install i.ng fi sh~ laddcrs will u institutC a11 Il
crcasingly smaller portion of ocrall prmtcct costs as tile anmi ul tl(ov
and tile ilStalled CapailtV ilncraseS. I 11u1s, s II cr pit lects ti thc lesser
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Fish passage requirements are not always imposed at the time a project is
begun. License conditions may require that passage facilities be provided
at a future date when specific levels of returning anadromous fish have
been recorded at the base of the dam. Alternatively, fish passage require-
ments may have to be met within a specified time period following the
removal of the next barrier immediately downstream. The Merrimack
Fish Passage Action Plan, for example, is based upon this latter approach.
Therefore, fish passage investments may not have to be made until a
considerable amount of time has elapsed after the generating facility has
come on-line. By that time the project may be in a better position to
support the costs of the fishway since it will have been generating
revenues for some time. However, to minimize these future costs, some
costs may have to be incurred at the time of initial project development,
such as providing foundation footings for future installation of fish
passage facilities. Downstream passage facilities may be requested im-
mediately if upstream trucking is providing natural reproduction above
the hydropower development site.

The degree to which installation of fishways at existing dam hydropower
proiects will affect economic feasibility is in large part dependent on how
one defines economic feasibility. If the costs of fishway construction are
considered be to on a co-equal basis with the costs of dam repairs,

turbines, and generators, the sum total of all of these costs will deter-
mine whether a developer considers a project economically feasible.
However, if the costs of fishway construction are not included in initial
analyses of project costs, but are considered additional costs imposed by
the regulatory system, they are likely to be singled out as solely respon-
sible for rendering projects infeasible. This argument is heard often in
conjunction with situations where existing dams already pose a barrier
to fish migration.

Furthermore, private entrepreneurs who are seeking a fair rate of return
on their investment may find the costs of fishways cutting substantially
into their profit margin, while publicly regulated utilities may be able to
pass the costs of fishways and other mitigation measures onto the rate
paying consumer. These varying interpretations of course reflect philo-
sophical differences which have no resolution. The fact that they con-
tinue to exist, however, suggests that developers would be wise to in-
vestigate possible fish passage needs early on in the feasibility study
stages of project development.

In the case of new or breached dams located on rivers or streams signifi-
cant for anadromous fishery, the burden of fish passage costs unques-
tionably should lie with the project applicant. In these situations, con-
struction or reconstruction of dams will create barriers to fish migration
that do not currently exist.
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Avoiding Conflict Although the demand for dam sites in New England is currently very
strong, the great number of existing dams at which hydropower genera-
tion is feasible provides an opportunity for interested developers to
locate sites where conflicts with other water uses are likely to be mini-
mal. In addition, the design and operation of hydro facilities at existing
dams which minimize the need for stream flow diversion or regulation
(i.e. facilities operated in the run-of-river mode with the powerhouse
installed at or near the base of the dam) will reduce the likelihood of
conflict even on streams which are intensively used for other instream
uses.

The maps provided by NERBC in conjunction with this report are in-
tended to facilitate the process of identifying sites with the least poten-
tial for competition over instream flow. Significant fisheries, recreation
areas, and scenic reaches have been indicated in order to make it possible
to identify stream segments which are valuable for uses other than
hydropower. The identification of these segments is based either on
established agency priorities for resource management (e.g. anadromous
fisheries) or on the consensus of various constituency groups which have
a strong interest in the use and protection of certain water-related re-
sources (e.g. inland cold water fisheries, recreation areas, or scenic
reaches).

The development of hydropower facilities on these segments, if not
compatible with existing flow regimes or stream uses, is likely to en-
counter substantial opposition, resulting in lengthy licensing delays and
perhaps costly litigation. Development on other segments is likely to
cause less opposition, although it is impossible to determine on an a
priori basis that any one site will be absolutely free from conflict or
oppositiun.

Prospective developers can substantially reduce conflict and delay if
they utilize these maps to select sites at which minimal conflict is
likely. Consultation with the relevant state and federal regulatory agen-
cies also can help to reduce conflict and delay, particularly if such
consultation is undertaken in advance of detailed project design and
preparation of license applications. The preliminary permit process
administered by the FERC provides a productive mechanism for such
consultation, as potential problems can be identified by agencies or other
reviewers early in the feasibility stage of project development. This can
allow the tailoring of project design and operation to accommodate
specific instream flow demands or needs of other uses the value of which
may be equally as important as the benefits of hydropower.

Finally, it has become clear during the course of the study conducted by
NERBC that opposition to the construction of new dams at previously
undeveloped sites is likely to be substantial. In many cases development
of hydropower at such sites would conflict with already established uses
of major significance to the region (see Chapter V). In a region where
there already exist in excess of 10,000 dams, the number of remaining
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free-flowing river segments is limited. Many of these sites are highly
valued for their fisheries, and for their recreational, scenic, and other
assets. If these assets were lost as a result of the construction of new
impoundments, it would not be possible to compensate for their loss.
Thus, while the merits of hydropower development at new dams consid-
ered in relation to the merits of maintaining and protecting competing
uses will obviously have to be evaluated on a case by case basis, develop-
ers should recognize that proposals for construction of entirely new
facilities will not easily be implemented.

Coordinated Basin The reference to a comprehensive plan in Section IOA of the Federal
Development Power Act suggests a final approach to avoiding conflict. The develop-

ment of comprehensive plans through cooperative arrangements be-
tween development interests and appropriate state and federal agencies
would provide a basis for coordinating the development of hydropower
facilities with the protection or enhancement of other uses of rivers.

There are certain advantages to a basinwide approach that are not avail-
able in a site by site development process. These include:

* the potential to optimize power output by augmenting stream flow
with upstream storage and coordinating flow releases to accommo-
date the load and operational requirements of facilities throughout the
system;

- the ability to limit mainstem operations to run-of-river facilities, and
to provide storage only in upstream tributaries;

- the flexibility to negotiate compromises in favor of hydropower at
certain sites in return for accommodating different uses at other loca-
tions; and

- the capability to enhance a variety of objectives concerning river use
such as using upstream storage to lengthen the season during which
flow is sufficient for recreation as well as for hydropower generation.

Basinwide planning has many advantages, but making it work is a diffi-
cult challenge. It requires the cooperation of private and public sectors,
and the financial and other resources necessary to support the planning
process, to implement the plan, and to assure continued compliance
with the plan.

These are surmountable obstacles and there are several examples in New
England where people and communities have been willing to meet the
challenge. The West River in Vermont, Salmon Falls in New Hampshire,
and the St. John in Maine are three areas where basinwide planning has
been instituted or is being seriously investigated. Substantial precedent
has also been set by some utilities and the forest products industry for
coordinated regulation of river flow throughout entire basins, such as the
Androscoggin in New Hampshire and Maine.



EXISTING AND BREACHED DAM SITES

99

Appendix A: Existing and
Breached Dam Sites

All existing and breached dam sites shown on the maps accompanying
this report are listed in the following sections, arranged by basin and
printed in rank order of their estimated cost per kilowatt hour of energy
generated. These sites were screened from an inventory of more than
10,000 dam sites, published in the January 1980 report, Potential for
Hydropower Development at Existing Dams in New England. All have
an estimated energy cost less than 125 mills per kilowatt hour. Capaci-
ties shown are for a plant factor of 70%. The methodology employed is
fully documented in the January 1980 report available from the National
Technical Information Service in Washington D.C. (see ordering details
below). Basic assumptions used in the computer model to analyze the
sites are summarized below.

Basic Hydrologic * Hydrology is characterized by two features: mean flow and annual
and Engineering flow-duration curve.
Assumptions * Mean flow at any dam is proportional to drainage area contributing to

that dam.
* All sites have effective head equal to 95 percent of gross dam height.
9 For development at a 70% plant factor, 70% of annual flow is consid-

ered available for power generation.
* All sites have combined turbine- 4enerator efficiency equal to 88 per-

cent.
* All projects are independent; no project influences the hydrology of

any other project.
e During periods when flow is substantially below design flow, turbine-

generator efficiency is maintained.

Basic Economic * Construction cost is the sum of dam rehabilitation expenditures,
Assumptions power station costs, and a contingency allowance.

- The cost of dam rehabilitation per toot of height depends on tne dam
type (earthen or concrete) and height.

9 Power station costs depend on the magnitude of the requirement
(install package unit only, refurbish existing station, or total rede-
velopment) and on capacity.

e Connection to the grid entails no cost to the developer.
* Rehabilitation of the conveyance is included in the contingency

allowance.
* No costs are associated with the penstock.
* No costs are associated with compensation for loss of competing uses

for the land used by the reservoir.
* The interest rate of 15% is constant during construction and over the

life of the project.
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" Engineering and design costs range from 5 to 7.2 percent of total
construction costs. This category of cost includes engineering design,
surveys, and preparation of plans and specifications.

* Supervision and administration costs depend on total construction
cost. They are derived from a curve that ranges from 6.5 to 8.6 percent,
and they include inspection, supervision, and general overhead.

" The construction time is 1 to 4 years, depending on the total construc-
tion cost, with a separate calculation for interest costs incurred during
construction if the construction period is greater than two years.

" Calculation of total investment includes all dam costs, powerhouse
expenditures, contingency allowance, supervision and administration
costs, engineering and design costs, and interest during construction.

" Annual costs of dam operation include the annual expenditures for
interest and principal, operation and maintenance, major item re-
placement, taxes, and insurance.

" Operation and maintenance costs range from $1.80/kw to $3/kw,
depending on the size of the installed capacity.

* No downstream costs or benefits are included in the analysis.

Availability of Due to continued demand for the eight volume series published by
"Potential for NERBC in January 1980, ordering information is provided below.
Hydropower NERBC will be terminated on October 1, 1981. In the interim period and

Development at thereafter, copies of the eight volume set can be obtained from the

Existing Dams in National Technical Information Service in Washington D.C.

New England" To Order Copies:

Call: NTIS Sales Desk/(703) 487-4650
Address: NTIS

5285 Port Royal Road
Springfield, VA 22161
Attention: Sales Dept.

Refer to the titles and order numbers listed below. Prices are subject to
change.

NTIS Paper Micro-
Accession No. Copy Fiche

Volume I Physical & Econ. PB80-169121 $15.50 $3.50
Findings &
Methodology

Volume II User's Manual" PB80-169139 $12.50 $3.50
Volume III Connecticut PB80-169147 $17.00 $3.50
Volume IV Maine PB81-193310 $18.50 $3.50
Volume V Massachusetts PB81-194243 $23.00 $3.50
Volume VI New Hampshire PB81-193294 $29.00 $3.50
Volume VII Rhode Island PB8I-193302 $11.00 $3.50
Volume VIII Vermont PB80-169154 $15.50 $3.50

* Reproduction of state volumes includes the maps.
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Existing and Breached Dams

Connecticut 70% Plant Factor, 15% Interest Rate

Thames River Basin
DAM COMMUNITY PROJECT NAME CH CAPACITY ENERGY ENGY(CST

NUMBER tKW JMWH- MIL KWH

CT 1227 PUTNAM ROSENFLDDMPU1 16. 601. 3607. 21.0
CT 579 PLAINFIELD CTNONAME41 20. 195. 1172. 23.5
CT 1468 WINDHAM AMER TH DM W13 20. 587. 3521. 47.7
cT 1469 WINDHAM AMER TH DM w14 15. 439. 2632. 54.0

CT 1465 WINDHAM AMER THR DM W9 10. 293. 1759. 65.8

CT 678 PUTNAM CARGILL FALLS 28. 404. 2424. 76.6
CT 539 LISB GRISW CTNONAME 36 13. 1098. 6591. 83.8
CT 1186 NORWICH FALLS MILDMN 13 25. 317. 1903. 92.3
CT 182 THOMPSON CTNONAME TEN 21. 303. 1818. 95.7

CT 513 BROOK KILL CTNONAME 26 14. 699. 4193. 99.3
CT 437 GRISWOLD ASHLAND PONt) 18. 146. 876. 99.5

cT 1467 WINDHAM AMER TH DM WI2 20. 588. 3526. 105.9
CT 179 PUTNAM CTNONAME NINE 14. 526. 3156. 110.7
CT 171 KLNGLY POM ROGERS CORP DA 10. 490. 2941. 114.0

CT 198 MANSF WIND WILLIMANTIC RE 20. 421. 2527. 122.2

Connecticut River Basin
DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER KWl JMWH) MILKWH

CT 370 NEW HRTFRD NEPAUG RES370 113. 464. 2857. 8.7
CT 376 BARKHAMSTD BARKHAMSTED RS 135. 921. 5670. 8.7
CT 541 HARTLAND HOGBACK DAM 104. 1717. 10566. 10.3
CT 50749 BURLAVON COLLINS CO B3 18. 842. 5184. 20.0

CT 674 CANTON COLLINS CO DAM 20. 933. 5744. 38.6
CT 380 AVONBURLNG COLINS CO LW D 20. 936. 5760. 38.6

CT 897 FARMINGTON FARMINGTON F12 5. 291. 1792. 64.4
CT 371 NEW HRTFRD COMPENSATING R 45. 358. 2203. 81.9
CT 621 VERNON PAPER MILL PON 74. 165. 1012. 84.8
CT 20835 EGRNBYSIMS TARIFVL DM E 1 20. 1485. 9136. 87.8
CT 529 ENFIELD CTNONAME31 25. 215. 1324. 123.5

Note: Any 5-digit dam number beginning with a "2" is a breached dam (e.g., CT 208351
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Housatonic River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER _ KW1 jMWH1 MIL/KWH

CT 26 DERBYSHELT LK HOUSATONIC 35. 6611. 41868. 17.9

CT 89 SEYMOUR KINNEYTOWN DAM 30. 1080. 6840. 19.1
CT 549 KENT SPOONER DAM 17. 1593. 10091. 29.0

CT 399 SEYMOUR RIMMON POND 30. 1080. 6840. 38.7
CT 229 NW MILFORD CTNONAME FORTN 12. 1613. 10214. 65.9

CT 665 WARRENLITC SHEPAUG RES 62. 283. 1791. 72.9

CT 1019 LITCHFLD BANTA PROI LI 50. 241. 1528. 77.5

Western Connecticut Coastal Rivers

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER jKW) ( MWH1 MIL/KWH

CT 108 WESTON S P SENIOR DAM 110. 495. 2969. 8.9
CT 20 EASTON EASTON RESVOR 120. 200. 1198. 10.9

Central Connecticut Coastal Rivers
DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST

NUMBER jKWj jMWH1 MIL/KWH

CT 629 WALLINGFRD CTNONAME 48 10. 128. 771. 46.3

CT 400 KILLINGWRT HAMMONASSET DM 60. 160. 959. 117.6

No dams in the Eastern Connecticut Coastal Rivers or the Pawcatuck River
Basin pass

Maine 70% Plant Factor, 15% Interest Rate

St. John River Basin
DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST

NUMBER IKWI JMWHI MIL/KWH

ME 2245 CARIBOU LTL MADAWASK D 32. 960. 5920. 42.1
ME 22481 HOULTON CARYS MILLS 24. 475. 2930. 66.2
ME 2233 ASHLAND SHERIDAN DAM 7. 1030. 6349. 86.4

ME 2319 TIOR3 WELS WHITNEY BK DAM 27. 292. 1798. 95.5

St. Croix River Basin
DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST

NUMBER JKWI JMWHI MIL/KWH

ME 21934 CALAIS CALAIS UNION D 11. 1940. 11966. 92.5

ME 1932 VANCEBORO VANCEBORO DAM 13. 679. 4185. 97.1

ME 21941 CALAIS MILLTOWN DAM 12. 2117. 13054. 102.1
ME 21942 CALAIS MURCHII DAM 10. 1716. 10582. 109.0
ME 1916 GRND LK ST W GRAND LK OUT 14. 403. 2486, 120.8

- .- ~.
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Penobscot River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY EN(YCST
NUMBER ,KWI ,MWHI MIL KWH

ME 704 OLD TOWN BANGOR HYDRO 5. 4564. 28142. 18.4

ME 700 BREW CITY OF BANGOR 17. 15830. 97621. 26.5

ME 869 SEBOOMK TW SEBOOMOOK L DM 32. 2112. 13024. 30.0

ME 847 T06R08WELS GRAND LAKE DAM 25. 1410. 8695. 34.9

ME 2991 T6Rl T rELOS LK OUTLT 42. 1361. 8392. 35.4

ME 1888 MILL) MILO EL LGHT P 22. 1143. 6856. 39.5
ME 885 t'TTSTN A G CANADA LK FL P 26. 590. 3636. 56.7

ME 775 DVR FXCRFT DVR FXCFT TWO 16. 788. 4731. 94.6

ME 791 SEBEC BNGR HYDRO SLI) 14. 727. 4363. 97.4

ME 1775 DOVRFOXCRF DVR FXCT WT DT 12. 591. 3548. 105. I

ME 790 MILO TWN MILO MILOD 10. 570. 3419. 106.6

ME 776 GUILFORD G2UILFORD IND 1) 12. 425. 2550. 121.0

Kennebec River Basin

)AM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER ,KWl MWHl MIL KWH

ME 582 DENNIS PLT CROCKER PP DAM 229. 69. 424. 15.3
ME 460 BURNHAM BURNHAM HYDRO 27. 1980. 12208. 18.4

ME 577 TIRI BRASSUA LK DAM 31. 2701. 16654. 27.8

ME 415 GARDINER AMRCNTSSUEMILL 37. 977. 6024. 41.7

ME 22525 ANSON CLEVELAND RIPS 29. 1624. 9744. 41.8

ME 21525 ANSON NANSON DAM 35. 1960. 11760. 42.3

ME 451 OAKLAND CTRL ME PWRI 25. 525. 3237. 43.7

ME 20048 BENTNFAIRF KENNEBEC: MILL 10. 5112. 31524. 45.8

ME 23525 NEWPORTLND t NEWPORTLNDDM 26. 1252. 7513. 46.6
ME 414 GARDINER YRKTWNEPPRMILL 18. 475. 2930. 50.5

ME 464 HARTLAND GRTMOOSELK DAM 21. 592. 3652. 56.5

ME 410 BIG SQUAW MSHD L E OUTLT 14. 2083. 12846. 58.6
ME 552 T3R4BKPWKR FLAGSTFLKOTDAM 63. 340. 2098. 66.1

ME 534 NEWPORTLND GILMAN ST DAM 26. 488. 2927. 66.4

ME 20052 SKOWHEGAN ANDERSON MLS p 25. 11850. 73075. 66.9

ME 462 PITTSFIELD TOWNOFPITTSFLD 15. 576. 3552. 10,33

ME 20063 BENTON N BENTNFLLS DM 15. 1586. 9779. 1 10.5

ME 561 EUSTIS N BR DEAD R DM 16. 453. 2794. 114.3

ME 572 FRKSEMOXIE MOXIt POND DAM 21. 224. 1383. 118.4
ME 20064 CLINTON CLINTON 8. 815. 5026. 119.8

Note: Any 5-digit dam number beginning with a "2" is a breached dam et.g, CT2 1,



WATER, WATTS, AND WILDS

104

Androscoggin River Basin

DAM COMMUNITY PROlEC1 NAME ,..i .APAk I1) 1 NLR.NY LN t Y 1,I
NUMBER KW MWH SIL KWH

ME 236 lAY OrlS DAM 24. 8366. 50198. 25.2
ME 110 lAY RILEY INTER PA 25. 8540. 51240. 25.5
ME 197 TOWNSHIP C M DM UN WTR PR 47. 3349. 20095. 27.3
ME 121 AUBURN AUBURN DAM 38. 1862. 11172. 32.2
ME 120 AUBURN BARKER MILL UP 36. 1688. 10130, 34.5

ME 198 RCHRDTWN T UNION WTR 'CO 21. 1191. 7144. 38.7

ME 199 STSTN TWP C'NTL ME PWR Co 32. 654. 3924. .38.8
ME 191 LINCOLN PT AZISCOHOS DAM 55. 1655. 9933, 41.8

ME 119 AUBURN BARKER MILL LO 51. 2499. 14994. 42.9
ME 20029 BYRON SWIFT RV DAM 1) 35. 588. 3528 62.6

ME 200 STSTN TWP CNTL ME PWR CO 25. 511. 3066, 64.3

ME 20033 CARTHAGE BERRY MLLS WR 30. 512. 3074. 73.1
ME 204 STSTN TWP CNTL ME PWR CO 24. 376. 2258. 80.4

ME 20178 CARTHAGE WEBB LAKE DAM 24. 286. 1714. 99.8

ME 123 MINOT ROGERS FIBER C 11, 477. 2864. 114.7
ME 21007 MECHANIC F MECHANIC FALLS 12, 422. 2530. 121.4

Saco River Basin

DAM COMMUNITY PROIECT NAME ,II CAPACITY ENERGY ENGfYCST
NUMBER KW1 ,MWH' MIL KWH

ME 1609 FRYEBURG SWAN FALLS DAM 10. 774. 4747. 41.6

ME 1616 LIMERWTRBY LEDGEMERE DAM 34-c 775. 4755. 47.8

ME 21603 BDFD SACO SPRNG BRDBY DM 14.c 3570. 21896. 84.5

ME 1626 PORTR PARF OSSIPEE DAM 13.c 819. 5023. 91.3
ME 1627 PORTR PARF OSSIPEE DAM2 

7 .C 441. 2705. 116.3

Eastern Maine Coastal Rivers

DAM COMMUNITY PROTECT NAME GH C'APACITY ENERGY ENGYCST
NUMBER KW MWHI MIL KWH

ME 4401 ELLSWORTH GRAHAM LAKE 23.c 1455. 9252. 23.4

ME 3418 MACHIAS MACHIAS R D4 28,¢ 1764. 11214. 35.7
ME 23900 COLUMBIA SACO FALLS DAM 55.c 539. 3426. 71.5
ME 3416 MACHIAS MACHIAS R 1 2 20.c 1260. 8010. 86.0
ME 3415 MACHIAS MACHIAS R LD 1 20.c 1274. 8099. 123.3

Southern Maine Coastal Rivers

DAM COMMUNITY PROTECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER (KW' (MWHI MILKWH

ME 3601 KENNEBUNK KNBNK I +P L tM 13.c 208. 1247. 79.3
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Piscataqua River Basin

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGY11
NUMBER KW MWH Mu. KWH

ME 1002 SOBERWICK RT FOUR DM 24.c 786. 4717. 20.5

ME 1018 SO BERWICK LEIGHS ML ID 28.c 313. 1878. 22.0

Central Maine Coastal Rivers
DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER ,KW MWH' MIL KWH

ME 4108 UNION CRAWFRD P OUT2 40. 156. 936. 24.4

ME 5051 CAMDEN KNOWLTONST DAM 22. 71. 429. 30.1
ME 4100 UNION SENEBEC PD OUT 35. 528. 3167. 62.8
ME 3800 BELFAST HM IOHNSONS AUTO 30. 164. 983. 113.1

ME 5063 BRISTOL BRISTOL MILLS 35. 150. 901. 123.4

Presumpscot and Casco Bay Drainage Area

DAM COMMUNITY PROTECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER ,KWI .MWHI MIL KWH

ME 51308 STANDISH STANDISH DAM 40. 2272. 13634. 30.1
ME 21377 BRIDGTON STEVNS BK DM 9 50. 351. 2106. 87.7

ME 1301 WESTBROOK WESTBRKDM 1 6. 423. 2536. 121.3

Massachusetts 70% Plant Factor, 15% Interest Rate

Merrimack River Basin
DAM COMMUNITY PROTECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER 1KWI iMWHI MIL KWH

MA 4955 SOUTHBORO SUDBURY RESERV 0. 309. 1906. 6.8

MA 4302 CLINTON WACHUSETT RES 114. 1477. 9111. 9.7
MA 5103 LOWELL SWAMP LOCK DAM 16. 7680. 47360. 23.3
MA 5106 LOWELL NOCANAL LOC D 30. 14400. 88800. 25.0
MA 5104 LOWELL OLDGUARD LOCK 22. 10560. 65120. 26.8

MA 3955 FITCHBURG MACTAGGARTS PD 98. 176. 1088. 60.8
MA 4303 CLINTON LANCASTER ML P 25. 327. 2016. 62.3
MA 4957 FRAMINGHAM RESERVOIR ONE 22. 201. 1237. 92.8

MA 4615 HUDSON MAIN ST DAM 12. 141. 870. 99.0
MA 4964 FRAMINGHAM SAXONVIL DM PD 25. 246. 1517. 110.2

MA 4551 SHIR HARVA FT DEVONS DAM 15. 459. 2830. 114.2
MA 4958 FRAMINGHAM RESERVOIR TWO 26. 144. 885. 124.3

Note: Any.5-digit dam number be~ginning with a -2- is a breached dam je.g., CT 208350
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Massachusetts Coastal Rivers
DAM COMMUNIIY PROIEL'I NAME i.H C APACITY ENERk.Y LNkLYCYI
NJMBRL KNW

'  
MWH MIL KWH

MA 5711 NEWrONWELS kHS NEWTON UI'F 10. 253. 1561. 39.6
MA 5701 NEWI NEEI)M NEwrTON UPR ELS 15. 380. 2342. 56.2

MA 5004 MEIWAYFRAN MEDWAY DAM I'D 14. 109. 673. 118.S

MA 5706 WAIERIOWN WATERTOWN DAM 13. 415. 2559. 119.8

Thames River Basin
DAM COMMUNITY PROTECT NAME ;H CAPACITY ENLRGY ENCYCT',T

NUMBER KW MWH M: KWH

MA 3568 STURBRIDGE STURBRG VIL PD 10. 95. -71.7 50.4

MA 3862 DUDLEY QUINEBAUG RV 1P 17. 336. 2016. 61.4
MA 3557 SOUTHBRIDG AMERICAN OPTIC 13. 199. 1197. 81.7

MA 3556 SOUT!iBRIDG R HARRINGTN I'D 13. 172. 10,34. 89.4
MA 3873 WEBSTER PHILS DAM 12. 131. 786. 10-7.0

MA 3866 WEBSTER NOWEBST VILLA 10. 110. 663. 120.6

Connecticut River Basin
DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGY- CST

NUMBER KW' ,MWH' MIL KWH

MA 1705 SOHA.MPTON TIGHECARM RES 125. 210. 1277. 10.5

MA 1700 RUSEL MONT CRESCENT MILLS 25. 1234. 7485. 19.8

MA 3162 WARE WAREINDDAM 23. 461. 2804. 21.1

MA 3404 BARRE SBARRE DA.M 20. 142. 861. 24.6
MA 22462 MNTGERVNG; MILLER FAL r-WO 32. 1494. 9087. 31.0
MA 2203 HADLEY LAKE WARNER 15. 54. 328. 33.2
MA 2456 MNTG ERVN(; BOOK BINDERY P 20. 936. 5694. 39.0

MA 1856 CONWAY CONWAY POWER I1M 94. 367. 2224. 47.7

MA 3163 WARE WARE CENTER DM 15. 301. 1829. 64.1
MA 2308 CHICOPEE CHICOPEE FALLS 18. 1542. 9382. 70.2
MA 1802 COLRAIN KENDALL CO NOI 15. 193. 1174. 82.3

MA 2754 ATHOL LAKE ROHUNIA 72. 173. 1051. 82.4
MA 1758 WESTFIELD STEVENS P DAM 16. 190. 1150. 83.3

MA 1750 RUSSELL THE GORG.E 45. 351. 2129. 84.4

MA 22608 LDLW WLBHM COLLINS DAM 12. 981. 5966. 89.2

MA 21805 COLRAIN MASSANETT 28. 370. 2242. 95.4
MA 3412 BARRE FILTRATION DAM 20. 132. 80,3. 105.0
MA 22053 W SPR AGA W SPRINGFI) 2 14. 1063. 6446. 107.8
MA 1114 SANDSFIELD CLAM LAKE 88. 116. 707. 109.8
MA 2457 MNTNG.ERVNG MILLER FAL ONE 10. 468. 2847. 114.8
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Houstonic River Basin
DAM COMMUNIIY I'ROIEi I NAME (.H AIACIIY LNLR Y LN .'N 'L
NUMBER KW MWSH MIL K

%
H

MA 500 (.1 BARRING RISIN-II)ALE IV 22. 801. 4928. ,l.3

MA. 456 STOCKBRII)G GLENDALE 21. 710. 4368. 36.1

MA 707 DALION DALTON DAM SIX 20. 143. 880 98.3

MA 708 D)AL ION CENTER P'N I 19. 133. 821 103.1
MA 755 LEE COLUMBIA MIL.L 15. 419. 2580. 119.4

Hudson River Basin

DAM COMMUNII Y PROILCI NAME GH CAPACITY LNLkRk, ENY CS1
NUMBER K" M Ii MIL KWH

MA 909 CLARKSBURG HEWAT DAM 18. 98. 611. 26.4
MA 906 NO ADAMS RENFREW 13. 71. 441. 29.3

Narragansett Bay Drainage Area

DAM COMMUNITY PROIECT NAML GH CAP.\CI I ENERG.Y ENGk.CI
N UMBER K MW MIL KWH

MA 583 NORTON BARROWSS LL 01) 20. 73. 437. 3 0.0

Blackstone River Basin

DAM COMMUNITY PROIECT NAME GH-i CAPACITY ENERGY ENYC',I
NUMBER K

.  
.MWH MIL KWH

MA 4759 BLACKSTONE TUPPER DAM 33. 1120. 7063. 38.2
MA 4412 GRAFTON FISHERVILLE PD 20. 346. 2181. 57.6

MA 24424 NORTHBRIGE BLACKSTONE 1DAM 15. 271. 1710. 121.0

MA 4766 BLACKSTONE BLACKSTONE DA.M 8. 373. 2355. 123.5

New Hampshire 70% Plant Factor, 15% Interest Rate

Saco River Basin
DAM COMMUNITY PROIECT NAME kH11- CAPACIY ENERGY LNGYCI'1

NUMBER K1.1 MWH Mi KWH

NH 2008 JACKSON WILDCAT BROOK 112. 391. 2393. 6.6

NH 1281 EFFINGHAM CENTRL ME POWR 15. 85
"
7. 5251. 40.2

NH 943 CONWAY NONAME BRK 2 10. 605. 3704. 102.6

Note: Any ,-digit dam number bcginning with a2 is a breached daim c.g.. CT 20S3,1
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Androscoggin River Basin

DAM COMMUNITY PROJECT NAME GH k APACITY ENERGY EN(- YCST
NUMBEK KW MWH' MIL KWH

NH 431 BERLIN SAWMILL DAM 17. 3261. 19564. 21.6
NH 1351 ERROL ERROL DAM I.. 2299. 13797. 57.4

NH 21205 DUMMER ANDROSCOGIN R% 15. 2625. 15750. 115.8

Merrimack River Basin

DAM COMMUNITY PROJECT NAME CH CAIACITrY LNERGY ENGYCST
NUMBER KW .MVlH MIL KWH

NH 4364 WILTON SOUHEGAN R 1 20. 233. 1474. 21.7
NH 550 BRISTOL NEWFOUNI) RV 2 16. 230. 1395. 22.7

NH 1455 FRANKLIN WINNIPESAUKE 3 25. 1306. 7719. 26.7

NH 3218 PEMBROKE SUNCOOK RIV 3 37. 1119. 7086. 27.0

NH 156 ANTRIM STEELE POND 84. 605. 3830. 27.1

NH 1580 GOFFSTOWN PIS R GL F 59. 1345. 8520. 27.3
NH 3217 PEMBROKE SUNCOOK RIVER 33. 998. 6320. 28.7

NH 896 CONCORD CONTOOCOOK RIV 1". 1561. 9884. 29.3

NH 2321 LONDONDERY BEAVER RANKIN 13. 59. 373. 30.8

NH 2827 NASHUA MINES FALLLLS 35. 1730. 10959. 31.5

NH 1469 FRANKLIN GILES POND 92. 345. 2093. 38.6

NH 1460 FRANKLIN WINNIPESAUKE 8 18. 966. 5708. 39.7

NH 2581 MANCHESTER PISCATAQUOG 1 22. 565. 3578. 40.7

NH 1458 FRANKLIN WINNIPESAUKE 6 17. 899. 5315. 40.9

NH 1454 FRANKLIN WINNIPESAUKE 2 17. 888. 5249. 41.1

NH 1453 FRANKLIN WINNIPESAUKE 1 17. 888. 5249. 41.1

NH 1457 FRANKLIN WINNIPESAUKE 5 17. 888. 5249. 41.1

NH 894 CONCORD CONTOOCOOK RIV 8. 734. 4651. 41.3

NH 1456 FRANKLIN WINNIPESAUKE 4 16. 836. 4940. 42.1

NH 1873 HILLSBORO CONTOOCOOK R 2 21. 902. 5714. 42.6
NH 895 CONCORD CONTOOCOOK RIV 7. 646. 4091. 43.4

NH 554 BRISTOL NEWFOUND RV 6 9. 124. 753. 46.2

NH 1850 HENNIKER CONTOOCOOK RIV 12. 547. 3466. 46.5

NH 3216 PEMBROKE SUNCOOK RIV 1 18. 544. 3447. 46.6

NH 1957 HOPKINTON CONTOCOK R TWO 10. 466. 2949. 49.9

NH 893 CONCORD SEWALS FALLS 12. 3216. 20365. 50.8
NH 2130 LACONIA AVERY DAM 11. 488. 2881. 52.4
NH 401 BENNINGTON CONTOOCOOK4 15. 346. 2189. 57.3
NH 20560 BRISTOL NEWFOUND RV II 30. 423. 2566. 59.6

NH 402 BENNINGTON MONADNOCK MILL 13. 300. 1897. 61.7
NH 22257 LINCOLN E BR PEMIGE 1 28. 460. 2790. 62.3
NH 3593 SALEM SPIC R WHEELRS 80. 223. 1411. 63.2

NH 398 BENNINGTON CONTOOCOOK R 1 12. 265. 1679. 65.8

NH 2986 N IPSWICH WALERLOOM POND 68. 188. 1194. 73.9

NH 2828 NASHUA IACKSON ML 19. 939. 5949. 84.5
NH 3346 PITTSFIELD SUNCOOK R 2 21. 330. 2091. 84.7
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Houstonic River Basin
DAM COMMUNITY PROJECT NAME tH tAI'ACITY ENERk;Y ENLYNSI

NUMBER KW MWH M IL KWH

MA 500 GT BARRING RISINGDALE 1) 22. 801. 4928. 33.5
MA 456 STOCKBRIDG GLENDALE 21, 710. 4368. 36.1
MA 707 DALTON DALTON DAM SIX 20. 143. 880. 98.3

%1A 708 DALTON CENTER PONI) 19. 133. 821. 103.1
MA 755 LEE COLUMBIA MILL 15. 419. 2580. 119.4

Hudson River Basin

DAM COMMUNITY PROJECT NAME ;H CAPACITY ENERGY ENGYCST
NUMBER KW' MWHI MIL KWH

MA 909 CLARKSBURG HEWAT DAM 18. 98. 611. 264
MA 906 NO ADAMS RENFREW 13. 71. 441. 29.3

Narragansett Bay Drainage Area

1DAM COMMUNITY PROIECT NAME GH CAIIY ENERGY EN,.YCSI
NUMBER KW MWH MIL KWH

MA 5853 NORTON BARROWSVLL OD 20. 73. 437. 30.0

Blackstone River Basin

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER IKWI jMWH' MIL KWH

MA 4759 BLACKSTONE TUPPER DAM 33. 1120. 7063. 38.2
MA 4412 GRAFTON FISHERVILLE PD 20. 346. 2181. 57.6
MA 24424 NORTHBRI;E BLACKSTONE DAM 15. 271. 1710. 121.0
MA 4766 BLACKSTONE BLACKSTONE DAM 8. 373. 2355. 123.5

New Hampshire 70% Plant Factor, 15% Interest Rate

Saco River Basin
DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST

NUMBER jKW1 jMWHI MIL KWH

NH 2008 JACKSON WILDCAT BROOK 112. 391. 2393. 6.6
NH 1281 EFFINGHAM CENTRL ME POWR 15. 857. 5251. 40.2
NH 943 CONWAY NONAME BRK 2 10. 605. 3704. 102.6

Note: Any 5-digit dam number beginning with a 2' is a breached dam 1e.g., CT 20835

..................................
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Merrimack River Basin (cont.)

IL \Vst NII iRIL' I \A)AI k tIf AIAII I I H ,' Nit'
Ntl\11B H K' iWO~ MIt KUtt

NH 3347 PITmTSFIELD SUNCK H IHREE 21. 302. 1915. 90.8
NH 599 CAMPTON MAD RIVER ONE 36. 311. 1887. 92.7

NH 137 ANDOVER BLACKWATER R% 10. 139. 880. 97.4

NH 1848 HENNIKER CONtOCOK VALY 13. 583, 3695. 100,6
NH 3236 PEThRBORO CONTOOCOOK R 2 21. 173, 1098. 102.5'

NH 20900 CONCORD CONTOCOOK 3 9. 838. 5308. 103.1
NH 2733 MILFORD SOUHEGAN 7. 116. 734. 110.4
NH 3221 PEMBROKE SUNCOOK RiV 6 16. 458. 2900, 111.3
NH 20901 CONCORD ROLFECANAL 12. 1103. 6986. 113.6
NH 20902 CONCORD CONTOCOOK 4 7. 647. 4096. 114.5
NH 382 BELMONT WINN.R LKWINS 10. 473. 2796. 117.6
NH 4017 TILTON WINNIPSKE R 2 12, 552. 3260. 121.4
NH 2129 LACONIA LAKEPORT DAM 11. 439. 2595. 121.6
NH 236 BARNSTEAD SUNCOOK RV 3 8. 100. 632. 123.0
NH 2681 MERRIMACK MERRIMACK 18. 372. 2353. 123.3

Connecticut River Basin
DAM COM.MUNITY PROJECT NAME uH CAPACITY ENERGY ENk.YCST

NUMBER KW ,MWH' MIL KWH

NH 2293 LITTLETON LITTLETON 1 15. 448. 2691. 1.4

NH 2203 LEBANON MASCOMA R 8 15. 299. 1819. 21.9
Nif 2199 LEBANON MASCOMA R 4 11. 226. 1378, 22.7
NH 3312 PITTSBURG LAKE FRANCIS 100. 2153. 12917, 32.2
NH 1896 HINSDALE ASHUELOT R ONE 20. 1087. 6521. 37.1
NH 4405 WINCHESTER ASHUELOT RIV 21. 1125. 6749. 40.0
NH 796 CLAREMONT SUGAR RV ONE 28. 770. 4690. 48.6

NH 3104 NRTHMBRLND U AMMONOOSC R2 13. 444. 2667. 53.7

NH 3103 NRTHMBRLND U AMMONOOSC RI 11. 376. 2257, 58.1
NH 3953 SWANZEY WILSON PONT) 18. 197, 1179. 82.4
Ni 23883 SUNAPEE SUGAR R 3 74. 374. 2281. 86.8
NH 4406 WINCHESTER ASHUELOT RIV 2 18. 950. 5700W. 88.9
NH 3038 NEWPORT SUGAR RIVER 2 19. 155. 942. 94.4

NH 2608 MARLBORO MINNEWAWA BK 3 65, 211. 1267. 94.7
NH 3037 NEWPORT SUGAR RIVER 1 30. 198. 1206. 95.1
NH 2276 LISBON AMMONOOSC RV 1 20. 749. 4493. 96.9
NH 3302 PITTSBURG N EELECT.SYTM 27. 290. 1742. 99.0

NH 314 RATH AMMONOOSUCONLE 16. 680. 4081. 100.3
NH 3039 NEWPORT SUGAR RIVER3 17. 138. 843. 101.6
NH 3944 SWANZEY ASHUELOT R 14. 579. 3473. 106.5
NH 2152 LANCASTER GARLAND BROOK 7. 120. 722. 113.5
NH 4407 WINCHESTER ASHUELOT RIV 16. 817. 4905. 119.7

Note: Any 5-digit dam number beginning with a "2' is a breached dam (c.g., CT 20835
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Piscataqua River Basin

DAM COMMUNITY PROIE(' \'AME (.11 'AlAt HY NLRtAl l .t.St I
NUMBER .K" ,M%% I MIL KWH

NH 2763 MILTON SALMON FALLS 2 99. 1493. 81958. 20.4

NH 2765 MILTON SALMON FALLS 4 28. 411. 2468. 21.5
NH 3541 ROLLINGSFI) SALMNFALLSRIV2 45. 1345. 807,3. 25.9
NH 3020 NEW MARKETr LAMPREY RIVER 36. 973. 5841. 30.7

NH 11 I [OVER COCHECO RV FOU 34. 809. 4853. 34.2
NH 3707 SOMERSWORH SALMON FALLS R 3i. 996. 5979. 42.6
NH 3540 ROLLIN;SFI) SALMONFALLRIVR 20. 604. 3624. 47.1

NH 2762 MILTON SALMON FALLS 1 26. 395. 2373. 55.4

NH 21238 I)URHAM LAMI'REY RIVER ,30. 714. 4282. 57.5
NH 3516 ROCHESTER COCHEO RIVER 2 18. 18,3. 1095. 86.2

NH 3i15 ROCHESTER COCHEC RIVER 1 25. 253. 1515. 110.9
NH 3708 SOMERSWORH SALMON FALLS 17. 484. 2904. 115.0

NH 20272 BARRINGTON ISINGLASS RI 3 30. 266. 1598. 123.4

No dams in the New Hampshire Coastal Rivers pass.

Rhode Island 70% Plant Factor, 15% Interest Rate

No dams in the Narragansett Bay Drainage Area pass.

Blackstone River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER ,KW! MWH' MIL KWH

RI 60 LINCOLN ALBION 13. 732. 4391. 20.7
RI 56 WOONSOCKET WOONSOCK FALLS 29. 1391. 8347. 37.7
RI 405 E PROVIDNC HUNTS MILLS 10. 68. 409. 56.7

RI 59 LINCOLN MANVILLE 19. 1062. 6373. 85.0

RI 66 PAWTUCKET PAWTKET LOWER 17. 1056. 6338. 85.2
RI 63 CENTRAL FA VALLY FALLS PI) 14. 812. 4870. 94.2

RI 61 CUMBERLND ASHTON DAM 1!. 628. 3767. 103.3

RI 65 PAWTUCKET PAWTKET UPPER 7. 435. 2610. 120.3
RI 62 LINCOLN PRATT Is. 866. 5195. 121.2



EXISTING AND BREACHED DAM SITES

Pawtuxet River Basin

DAM COMMUNITY PROIECT NAME GH CAPACIH Y ENERGY EN' YC,|
NUMBER ,KW MWH' MIL KWH

RI 148 WWARWICK ARTIC 24. 227. 1363. 23.()

RI 156 WWARWICK PHENIX 12. 162. 970. 24.3

RI 145 WARWICK NATICK POND 30. 702. 4210. 52.3

RI 158 COVENTRY ARKWRIGH1 MILL 20. 262. 1572. 69.9
RI 147 W WARWICK RV POINT UPPER 30. 285. 1711. 71 3

RI 149 W WARWICK CENTERVILLE I'D 20. 188. I 129. S4,6

RI 157 COVENTRY HARRIS MILL 25. 331. 1985. 89.3

RI 160 SCITUATE HOPE 12. 152. 912. 96.9

Pawcatuk River Basin/Rhode Island Coastal Rivers

DAM COMMUNITY PROJECT NAME GH . AI'Ak'i! LNLR(, N ,I
NUMBER K" M\'%H 'o! KWH

RI 249 RICH CHARL HORSESHOE FALS 17. 205. 1229. 23.3

RI 247 HOPKT RICH ALTON POND 1'5. 167, 1000. 24.2

RI 246 HOPKr RICH WOODVILLE POND 9. 98. 588. 50.0

RI 253 WESTY HOPK BRADFORD S. 228. 1368. 121.2
RI 250 RICH CHARL SHANNOCK 7. 85. 309. 124.1

No dams in the Thames River Basin pass.

Vermont 70% Plant Factor, 15% Interest Rate

Connecticut River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENC(YCST
NUMBER jKW1 MWHI MIL KWH

VT 9518 SOMERSET SOMERSET RES 104. 468. 2808. 8.9
VT 8801 SPRINGFILD COMTU FALLS 30. 745. 4469. 20.7
VT 8766 SPRINGFELD FELLOWS 13. 321. 1927. 22.0
VT 8780 WINDSOR MILL POND 40. 228. 1367. 23.0
VT 4763 RYGATE EAST RYGATE 8. 2304. 13822. 25.8
vT 24512 BARNET RAY BROTHERS 30. 1977. 11864. 31.9

vT 8256 HARTFORD EMERY MILLS 30. 800. 4797. 34.4

VT 8802 SPRINGFILD GILMAN DAM 30. 745. 4469. 36.2

Vr 9751 DUMMERSTON WDUMMERSTON 26. 1599. 9594. 39.7
VT 8768 SPRINGFELD LOVEJOY 10. 247. 1482. 40.8
VT 8254 HARTFORD DEWEYS MILLS 40. 1076. 6458. 40.9

Vr 7250 BRADFORD BRADFORD 50. 994. 5967. 44.9

cntinucd

Note: Any 5-digit dam number beginning with a "2' is a breached dam (c g., CT 20835)
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Connecticut River Basin (cont.)

D)AM k 0'M.MLIN[| IN 'ROILk I "%NML klit k.\IV IIN t\[ t ,, L%(.,'I ,
."U\IRLR \I%%1 %,mI.L K%%11t

VT 8261 HARTLAND HAMPSON 25. 731. 4387. 51.0
VT 8279 BETHEL E BETHL SAWMIL 10. 82. 491. 53.0

VT 7253 NEWBURY ADAMS PAPER CO 15. 165. 975. 93.3
VT 7254 NEWBURY BOLTONVILL DAM 30. 310. 1833. 95.4
VT 8772 SPRINGFELD SLACK 18. 445. 2668. 119.1
VT 8255 HARTFORD DEWEYS MILS PI) 15. 404. 2422. 124.8

Hudson River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYC(ST
NUMBER KW' MWHI MIL KWH

VT 9534 PAWNAL TANNING COMP D 24. 792. 4752. 20.6

VT 9533 BENNINGTON VERMONT TISSUE 16. 228. 1368. 75.6

Lake Champlain Basin

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCS)
NUMBER iKW1 iMWHI MIL KWH

VT 26255 BRISTOL BRISTOL 110. 647. 3881. 8.9
vT 6755 MIDDLEBURY MIDDLEBURY UPP 15. 1134. 6804. 36.4
VT 3 HIGHGATE EAST HIGHGATE 11. 1069. 6415. 37.4
VT 9 SWANTON SWANTON DAM 10. 1016. 6098. 38.2
VT 5250 DUXBRYWTRB BOLTON FALLS 50. 5100. 30600. 39.5
VT 5519 E MONTPELR MONTPELR FOUR 25. 603. 3618. 58.6

VT 8036 RUTLAND RIPLEY MILLS 10. 368. 2210. 58.7
VT 2012 BURLWINOOS AMERICAN WOOL 20. 2640. 15840. 61.0

VT 5752 MORETOWN MORETOWN EIGHT 34. 530. 3182. 63.0
VT 23259 IOHNSON VILOFJOHNSNDAM 40. 288. 1728. 71.7
vT 3253 HYDEPARK GREEN R MAIN D 95. 160. 958. 85.8
VT 5522 MONTPELIER DANIELS MILL 35. 294. 1764. 98.0
vT 5758 NORTHFIELD NORTHFIELDML 25. 186. 1116. 101.8

VT 3510 STOWE SMITH DAM 14. 138. 827. 103.4
vT 26009 FERRISBURG TURNER 30. 245. 1469. 114.8
VT 8054 BRANDON NESHOBE 63. 159. 953. 118.3

St. Francis River Basin

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER KWl 'MWH1 MIL KWH

VT 21011 IRASBURG ALEXANDER 12. 88. 527. 28.2
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Appendix B: Undeveloped Dam Sites

All undeveloped dam sites shown on the maps accompanying this report
arc listed in the following sections. The 44 sites listed were screened
from a survey of over 1000 dam sites initially compiled by the New
England Division, U.S. Army Corps of Engineers in the 1954 report of the
New England-New York Inter-Agency Committee study, The Resources
of the New England-New York Region. Sites were initially eliminated
from further screening if creation of a new impoundment would conflict
with other dams already in operation or potentially suitable for develop-
ment. A computer screening for the remaining dams was then conducted
using a methodology similar to that developed for the existing dams
analysis summarized in Appendix A, with additional costs added for dam
construction, land clearing, relocation, and other factors pertinent to
new dam development. All projects were evaluated for an effective head
of 85% of gross head, and were assumed to be capable of using all
available flow for power generation. Gross heads were selected on the
basis of optimal cost per kilowatt hour generated. Capacities listed were
computed for a 70% plant factor.

Connecticut 70% Plant Factor, 15% Interest

Housatonic River Basin
IDAM COMMUNITY PROIECT NAME G;| ClAPACITY ENER'G.Y ENGA,

NUMBER ,KW MWH' MIL KWH

CT 91719 KENT KENT FURNACE 40. 4627. 28274. 69.9

CT 91722 NEWM.ILERr) BOARIMAN 23. 3593. 219,7. 71.2

Maine 70%, Plant Factor, 15% Interest

St. John River Basin

IDAM COMMUNITY PROIEC NAME (H A'AlY ENER';Y M.N ,1 S
NUMBER ,KW mMWli MIte KWt

NiE 99022 WALLA;GASS MILE I FISHJ R 23. 3167, 19354. 37.4

mi 99024 CASTLE HIL WASHBURN 22. 5453. 33323. 57.3

ME 99()4 T13 R14 SEVEN ISLANtS 33. 7,397. 45203. 74,7

ME 99007 r14 R14 RI'. BLACK RES 25. 2062. 12599. 98.8

ME 99023 MASARDIS MASARIDIS 33. 3034. 18544. 113.0
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Penobscot River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY EN;YCST
NUMBER ,KW

!  
MWH, MIL KWH

st 99187 BRADLEY MARSH ISLAND 15. 17167. 104907. 46.9

ME 99178 MATTAWAMKG STRArTON: 27. 6238. 38120. 54.6

ME 99190 BRADLEY OR BASIN MILL DAM 5. 5898. 36044. 58.0
ME 99207 MEDFORD CAMPBELL RIPS 20. 4216. 26350. 61.0
ME 99177 MATTAWAMKG GORDON FALLS 20. 4284. 26180. 61.2
ME 99'80 MATTAM ENF MOHAWK RAPIDS 7. 5398. 32987. 67.8

ME 99154 T5 R8 POND PITCH 31. 2941. 17971. 74.1
ME 99179 CHEST WINN WINN 5. 3718. 22720. 88.0
ME 99171 T2 R10 SOURDNAHU.K ,3. 12245. 74828. 90.5
ME 99172 T2 RIO Pu KWOCKANUS 50. 11857. 72462. 96.3
ME 99163 T3 R7 BEAR KAPh s 30. 4452. 27208. 100.7
ME 99200 SANG DOVFO AB,;VE FOXCRtAT 20. 1190. 7437. 103.5

Kennebec River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGYCST
NUMBER iKW

I  
,MWHI MIL KWH

ME 99314 FORKS TiR4 THE FORKS 13. 4913. 30023. 47.5
ME 99319 MADISON SOUTH MADISON 13. 6444. 39382. 54.2
ME 99315 T1R3 CARAT CARRYING PLACE 30. 12577. 76857. 65.9
ME 99318 MADISON AN ABOVE NOANSON 15. 6472. 39550. 69.1
ME 99309 T3R4 GRAND FALLS 35. 2924. 17868. 71.0

ME 99307 Ti RS WFORK STEEPSIDE 53. 12731. 77801. 73.5
ME 99305 TIR7 T2R6 ABOVE INDIAN P 23. 4416. 26989. 86.7

ME 99313 WFORKSTIR4 POPLAR FALLS 120. 15422. 94248. 95.9
ME 99350 PHILLIPS ABOVE PHILLIPS 30. 668. 4176. 113.8

Androscoggin River Basin
DAM COMMUNITY PROIECT NAME GH CAPACITY ENERG'Y ENGYrSi
NUMBER IKW MWH' MIL KWH

ME 99462 DIXFD PERU DIXFIELD 13. 4884. 30526. 54.2
ME 99454 GILEAD PHILBROOK 15. 4207. 26297. 67.5

ME 99471 DURHM LISB DONOVAN RIPS 11. 6152. 38452. 70.0

ME 99452 UPTON UL UMBAGOG LAKE 40. 3536. 22100. 78.3

Saco River Basin

DAM COMMUNITY PROIECT NAME GH CAPACITY ENERGY ENGY'ST
NUMBER KWI jMWH MILt KWH

ME 99555 STANDISH STEEP FALLS 10. 2515. 15205. 75.9



UNDEVELOPED DAM SITES

Massachusetts 70% Plant Factor, 15% Interest

Connecticut River Basin

D AM C OMMUNITY PROJECT NAME GH kCAPACITY ENERGY EN(,'YCST
NUMBER .KW, MWH' MIL KWH

MA 99854 DEERE CONW MEAD)OW 40. 4189. 25323. 52.0

New Hampshire 70% Plant Factor, 15% Interest

Merrimack Rivet Basin

DAM COMMUNITY PROJECT NAME GH CAPACITY ENERGY ENGCYCST
NUMBER ,KW MWH MIL KWH

NH 9'.7G' MERRIMACK MOORES FALLS 35. 17136. 104720. i4.9

fqnnecticut River Basin
!,AM COMMUNITY PROJECT NAME GH CAPACITY ENERG'Y ENGYCST

\4UMBER jKW1 MWH-1 MIL KWH

i~ CORN PLAIN HART ISLAND 28. 20950. 124600. 50.1
N"~ 90986 CORNISH CHASE ISLAND 24. 18349. 109128. 57.6
-,.H 90327 BATH WoODSVILLE 27. 1744. 10373. 10612

Vermont 70% Plant Factor, 15% Interest

Connecticut River Basin

DAM (OMMUNITY PROJECT NAME (;H CAPACITY ENERG', ENGYCST
NUMBER KW1 MWHI MIL KWH

VT 99850 BRATLBORO BRATTLEBORO 23. 1724. 10592. i7.0

VT 98383 HARTFORD WEST HARTFORD 33. 3640, 21649. 73.7

VT 94600 LYNDON LYNDONVILLE 47. 1670. 9932. 107.6
vi' 98380 BETHEL LOCUST CREEK 39. 1682. 10002. 1 11.8
VT 99413 NEWFANE WiL LIAMSVILLE 37. 2232. 13713. 112.0

Lake Champlain Basin
DAM COMMUNITY PROJECT NAME GH (APACITY ENERGY ENGYkST

NUMBER KW1 JMWHI MIL KWH

vT 9,3351 JOHNSON JOHN SON 23. 1147. 70892. 103.5
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Appendix C: Recreational and Scenic
River Data
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Appendix D: Sources of Mapped Data

Data used to produce the maps of anadromous fisheries, freshwater
fisheries, and scenic and recreational rivers was collected from state and
federal agencies, private interest groups, interested individuals, and pub-
lished sources. The major sources of data for each map are as follows:

Anadromous Fish U.S. Fish and Wildlife Service, Region 5
National Marine Fisheries Service
Maine Department of Inland Fish and Wildlife
Maine Department of Marine Resources
Massachusetts Division of Fish and Wildlife
International Atlantic Salmon Foundation
Trout Unlimited

Freshwater Fish Trout Unlimited
Rhode Island Division of Fish and Wildlife
New Hampshire Department of Fish and Game
Massachusetts Division of Fish and Wildlife
Connecticut Department of Environmental Protection

Scenic and Agencies
Recreational U.S. Department of the Interior, Heritage Conservation and Recreation
Rivers Service - Final List of Potential Wild and Scenic Rivers. luly, 1980.

Commonwealth of Massachusetts, Executive Office of Environmental
Affairs, Department of Environmental Management

State of New Hampshire, Office of State Planning, Wild. Scenic and
Recreational Rivers for New Hampshire, 1979.

State of Rhode Island, Department of Environmental Management. )i-
vision of Planning and Development.

Organizations - Commercial Outfitters

New England Rivers Center
Massachusetts Audubon Society
Connecticut River Watershed Council
Vermont Natural Resources Council
Appalachian Mountain Club
Saco Bound/Northern Waters
Northern Whitewater Expeditions, Inc.
Rhode Island Canoe Association
American Canoe Association, Eastern Division
New York Chapter, Appalachian Mountain Club
Northern Canoe Cruisers
Connecticut Canoe Racing Association

w - -.



SOURCES OF MAPPED DATA

Sunrise County Canoe Expeditions, Inc.
Boston University Sargent Camp
Society tor the Preservation of New Hampshire Forct

Maine Audubon Society

Deerfield Valley Conservation Association
Natural Resources Council of Maine
AMC Boston Chapter Canoe Committee
Merrimack Valley Paddlers
Hampshire College Recreational Athletics Program

Individuals

James Chute, Freeport, ME
Roy R. Schweiker, Concord, NH
Ray Gabler
Mrs. L. Baderhausen
Phil Schmidt
Ken Stone
Robert E. Manning

References

Appalachian Mountain Club, River c;uide. Central/Southern New Eng-
land.

Appalachian Mountain Club, River Guide, Northeastern New England.
Gabler, Ray, New England Whiteivater River Guide, Tobey Publishing

Co., Inc., 1975.
Schweiker, Roioli, Canoe Canping - Vermont &l New Hampshire

Rivers, New Hampshire Publishing Co., 1977.
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Appendix E: FERC Licensing Process
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ad IgCCCI*)]IN grantcd tilr a p criiid ii two ( vealrs, ncwv clin-t Iu Li. I in 1, r(i icct,
arc IgIVCII Lp to thrcc: VCaIS. 'Til pcriiid piOVIdc, an1 i 1ip10ill itV till thct
develoiper to consult wvith approlpriate state and tcdcral I agcnicics and tit

prepare thc retlUired cniginiccring, cconIOInic, and1, cnv\.l.roninllCntali data.
The developer muILst apply for a license bcfoic thc pt.-rii i rctit h1C
will lose is, priori tv sUttuS. 5Scc comnpeting appl Icat ii n.

Licenses Thc FERC rcvicw of licciisc applicatiloils. both mat,1or and ininlior prii Idc,
a toruin tor dcvelopers, governmelnt, and pri\attc lintcCSt ito sturtct:'

Inegotliatc, an1d resolve coiltrovecrsi cs 'Surriiunding11,1 a parIticlaI~r projecct, A
dcveloper docs not nccd tol hoild a pr-cliinia\ perit Ii ordci to cck a
liccnsc.

Short toril liccnsing, designed to cxpcditc thc rcvicw pro c" ss, Is nI()\

availahle for projccts at both cxist iiw and ncw dams mi tc, with a piipscd
capacity ot lcss than :; Mw. Ncw\ damn construction (Ir changes in in -

pounidmclnt size at cxistlng daiws. woutld r-cIuic inolrc dcta l1cd nell\ronI)
mcn tal reports. it t hcrc arc no objecct ioinst til t: pri 1cc th i ccnirIng
proccss can bc cornIplctcd in1 Mile mon01ths til a \C,1r.

Mawo projects, ilvcr ' NM (it propiiscd capacitv' in tisi pu rIic a l II IC

rigorous liccnsing rcvic-w prioccss. I0cpcnding in thc ,co pt. (it tilti JoItt.
uip to wt\Nv\-thrlcc cxihbits,, plus an III-dcpth cniviruinin1ciii a I rpilt inIItt
aIccomlpanyv Significant prOI'ct alpplicaItionls Vuithlolt iiiaM lIlr" Tnicill,1
proccss canl be comnpletcd within at veal. tiont lict rc~ilu tio ill cci d
thc proccss tor two ior morc vCairs.

Exemptions Undcr the I 98( Encrgv Scctitv Act, [LRC was giaiitcd thi auithl it

cxempt projeccts of r1 Mw, or- less onl cither 'I casc-b\ caec (i1 . Liss ha"I liii

owncrs ot potential hydro sitcs.

(asc-h\'-casc review has nlow hcctI Ilis(t it i ttor ph11C lIcc \\ wit I l than l
Mw\N capacity. These prim icts muILst orllz. I ic an cxist inig di,1 Iand I If(iat In l

a rtin-iit-rmvcr mnode. Bexmptmonl applicatIiIN~ arc clicIALatd toI icILcan1t



FERC LICENSING PROCESS

tederal agencics tor a 0)-day review pcriod. RcqLircmcnts tor tih pa,-
sage and ifnintlm tlows submittcd by the U.S. Fish and Wildlife .ervicL

automatically bccomc a condition (it a granted cxcmption. Ilh FLRC

review is designed to hc completed within 12) da' oft rceLpt ot the
application.

Categorical exemption regulations arc prcsentlV under considcration tii

two categor ies ot projects - existing dams with capacity of lets than 1()0
kilowatts nicro hydro projects) and existing dains with less than ; Mw
ot capacity. The second category is tUrther dcfincd as having no change' in
impoundment size, no adverse impact on watcr quality, no divcrlsons
greatcr than 300 feet, no migrating fish species, and no historic or
archeological sites. A certification ot no impact by all relcvant fcdcral
and state agencies will be required as part of the exe.mptIon application.
U.S. Fish and Wildlife rcquirements become an automatic condition of
the cxcmption.

The Energy Security Act specifically limits FERC's authority to exempt
proiects of less than 5 Mw. Any further exemptions would require Con-
gressional action. Senate bill S 1299 is presently under consideration to
authorize a 1 Mw exemption.

Competing During the comment period, prior to issuing a prcliminary permit or
Applications license, any party can submit a competing application for a particular

site. FERC's rules and regulations provide that if there is comnpetition
between a preliminary permit application and a license application, that
the license application will be favored. If there is competition for a
preliminary permit or a license, the following applies: it both are public
entities, the best plan is favored. If both arc public entities, or both are
private developers, and the plans arc equal, then FERC will favor the first
to file. If a public entity files a plan equal to a private developer's plan, the
public entity will be favored. In a license application, however, if a
private developer holds a preliminary permit, he is considered a priority
applicant and FERC will favor him above all others. Since exemptions
can only be granted to project owners, competing exemption applicants
will not occur. However, if an exemption application is filed during the
comment period of a preliminary permit or license application, the
exemption application will be favored.

Comments/ Persons who have an interest in a particular site may participate in the
Intervention FERC proceedings in two ways - comment or formal intervention. An-

one may comment on a project during the protest and comment period

Jdelineated in the Federal Register notice) if a prelinmiary permit ap-
plication or a license application. These comments are considered by the
FERC staff and the Commission. Comments, however, do not afford
access to all aspects of the licensing proceedings, onlv formal interven-
tion can provide that status. If a government agencv or other intervenor
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does not represent the .,1_e interests ot a cornncntor, those interests
will not receive the same consideration that intervention would assure.

Any intervenor may request an administrative hearing on issues of tact.
FERC makes the final decision to hold a hearing. Notice of a hearing
opens the door to intervention by others who had not been parties to the
proceeding up to that time. The result of any hearing and FERC's review
of the application are published in the Federal Register along with the
final articles of a license. At this time, a 30-day period is provided for the
appeal of the decision for rehearing by FERC. Only intervenors can make
this appeal.

If an intervenor is still aggrieved by a FERC decision, appeal can then be
made to the U.S. Circuit Court ot Appeals. This appeal is delineated in
Section 313(b) of the Federal Power Act (16 U.S.C. 825 1 (c)(bl.
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*See: Note at botton of page 12
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Freshwater Fish
""Important cold water fisheries Anar
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%9*oo Currently under active restorationPasgA
Rooo Proposed for future restoration (Connecticut only) Aad.oO-

ooooo Potential with inaccessible habitat avlefa
koecu r else%

Data Source.
Appendix D of Water, Watts, and Wilds;
Hydropower and Competing Uses in New England
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Resources Hydr
New j
River

Anadromous Fish Data
Anadromou, fish data for the Connecticut and Merrimack River
Basins reflects the results of state federal planning for anadromous
fish passage as described in the Final Merrimack River Basin Fish
Passage Action Plan and the Draft Connecticut River Basin Fish
Passage Action Plan. 10

Anadromous Fish in Vermont
Information on the anadromous fish resources of Vermont is only
available for the Connecticut River Basin although anadromous fish
occur elsewhere. North
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North Scale: 1:500,000
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Source: U.S.G.S., 1975
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Potential Hydropower Sites:
*Existing dam
A Breached dam 

BsnBudr0 Undeveloped site -- BsnBudi

Numerical Code Index to River Basins
Code numbers refer to sites, listed in A\ppendice, A and 13 of the Sep- 1 1
tern er 1981 report: Water. Wa fts apydi\ I lwr ozer ad Pitt pe 2 i 1

UseN in Neu, Finlapid and in Vols. III - VIII oif the January 19S() report: 41,t....N

f4'h'nttial for fildrlio rv'ter f),,/, ;ient at? 11ll i'llea Fo'11011 ki )n (n "\!'Ai 1, !\ 0 K!'.
both published bv the New England River Basins Commission. K, h, ,

0 1,,(, K

Basis of Site Selection 10R\i.- "
Sites shown are sites from the NFRBC economic feasibility anal vsi s12VIll rh-I ,

which have estimated energy costs less than or equal to the iv ' k.. ' 1 '

Existing and breached darns: $.125 kwh Nl~. u K R.-, Rihodc . I,d L..AII[jf,~

sites., $.115/kwh 39 Cocicut River Raxin
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1 Recreational and Scenic
Scenic segment:

_ Aesthetic, !dstoric, geologic or ecologic value

Recreational segment:
SFlatwater canoe

0 White water
Potential difficulty of whitewater:
2 Easy 3 Medium 4 Difficult 5 Very Difficult

Data Source:
Appendix D of Water, Watts, and Wilds;
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Potential Hydropower Sites:
*Existing dam
ABreacjhed dam
0 Undeveloped site Basin Boundary

Numerical Code Index to River Basins
Code numbers refer to sites listed in Appendices A and B of the Sep- 1.It1.1 R.. I[
tember 1981 report: Water, Watts, and W3vilds; Hydropower and Competing 2, I ( I-, k.~tr , ,I,

Uses in New, England and in Vols. Ill- VIII of the January 1980 report: 4. 1 ", -- i
Potential for Hydropower Development at Existing Dams in Neu, England, 5, M., -. ( ,"nt"I ( "".I'I R .....both published by the New England River Basins Commission. 6. ken-e R--, Inia

-7, And r--.nig K- B-

81 't, l rnpr.t KH, B.in o a, 1A - 4 n [.Sii
. 0 i P,, ti .p1-

Basis of Site Selection "_ .1r, I'i, , -

Sites shown are sites from the NERBC economic feasibility analysis 12. \- IRlamp,1,H1ri

which have estimated energy costs less than or equal to the 13 Mv-- 1,uu X-., B-~

following: 5.ar..r, ., unn rlnlB..,

1S, V' R-, B.,-
Existing and breached dams: $.123/kwh 17. 11n,1 :U. Hl,- h,id -. n -,iIIriu ,i-

Undeveloped sites: .15kh19. ( Onn1-ti. w H.--, Bti-.if

For purposes of the feasibility analysis, an interest rate of 1517 and a 20, C(inn-t li. FX*-,.In k i.si.....i-

plant factor of 70% were assumed. Transmission line or environmen- 22.~ Conit( -1 rai ( Biitl

tal mitigation costs were not included. Flood control dams con- 23 Th.mvs R,rr -Bri

structed by the U.S. Army Corps of Engineers are not included on the 24. (i flflidi WI -lrl~n I, oaltaI R--n

map.25. ffiid'.ii R.-, liin- (H-,- & N(, KM iI? ....
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Potential Hydropower Sites:

* Existing dam
A Breached dam
0 Undeveloped site

"' Basin Boundary

Numerical Code Index to River Basins
(ode numbers refer to sites listed it) Appendices A and B of the Sep- It",1 . 1,-
te mber 1981 report: Watecr, Watt'I andi 1Vildt. 1fi/drop'ower and Comnpeti ng 2 It (. lo,, R- ItB,-1

3 \tn k t "t t It-Lbe~ in.\en' nt.inand in V'ols. IIl - V Il of the January 1980 report:4 K
Potent iai h'r Hiro'owi'r Developmnent ait FA ~tlI,' DWnS III New, Eniviad, wt" " ii5'wKl

both published bvthe New England River Basins Commission. 6. Kv, I,-~ K- , .

1 .. .. r ,ii , ,t K-. r Itj., Bon. tn s, .- ,

Basis of Site Selection 10 \.i,.~it

Sites shown are sites fromt the NERBC economic feasibilitv analy-sis 12. \Kur ;h, iint

which have estimated energv costs less than or equal to the i3, \ierri, , Kn~c Fl-in

following: 5 'a
1!. ',,ttI,'l.ntc R--t Ii-nnt t tilC i lt

Extistirng arid breaiched drmni S.1I25 kwh . ts.tlKt tu I.t1.uittlinzItu

Undeveloped sies 1. II kwNh 9 ,rn("" Z"t
I0 .n, til "", , nt it fi,

For purposes of the teasibility analysis, an interest rate (it 1 and a 22. 1it Wi kut uutMs ni K~c
2.3. i ht, R- r Vlir

plant factor of 70", wvere assumned. I ransmnission line or environmien- 24. 111,~ 01 1 -tt1SM u

tal mitigation costs were not Included. Flood control dams con- 2; 1 1itin Ru.-, ...... .ii titit., 11 KK...

structed bv the U.S. Armv Corps of Enigi neers are not i nclu ded on the 27 11 .. ,,\.- B-
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1 Recreational and Scefl

Scenic segment:
w Aesthetic, historic, geologic or ecologic value

Recreational segment:
v-- Flatwater
ooooo White water

Potential difficulty of whitewater:
2 Easy 3 Medium 4 Difficult 5 Very Difficult

Data Source:
Appendix D of Water, Watts, and Wilds;
Hydropower and Competing Uses in New England
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2 Fishery Resoh
Anadromous Fish Runs

.- Existing
...... Currently under active restoration
oooooo Potential with inaccessible habitat

Freshwater Fish
SImportant cold water fisheries

Data Source:
Appendix D of Water, Watts, and Wilds;
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